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I. INTRODUCTION

A. Contract Objectives

This report describes the results of an investigation of the transfer of
innovations arising from the Nation's space effort to the fields of medicine.
Emphasis was placed on those areas dealing with the acquisition, measurement,
processing, and interpreting of physiological data, and upon related medical-
mechnical and medical-electronic techniques. To determine the ''spin-off'
effects of space resea_grch and technology on these areas of medical and biological
research, relevant sc;cio-econonnc and historical factors were reviewr-;d, and
thesehfac‘tors related to the amount of transfer which has been observed.

B. Justification of Interest

Research programs dealing with the biological aspects of space flight, physio-
logical monitoring and selection of astronauts, miniaturization of electronic devices,
improved reliability of equipment, and new mazrerials technology represent sig-
nificant expenditures of space program funds. The likelihood of finding any
regular transference of techniques or knowledge from aerospace activities to
the non-space related fields ¢f medicine depends mainly upon the extent to which
space and non-space needs and goals are consonant. We believe that in the above
mentioned areas of activity there are such matchings. The existence of mutual

needs and goals is not sufficient, however, to insure transfer from one field to
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another. Such transfe.- must be contiaually stimulated and encouraged,
primarily through the dissemination of information regarding research results.
The responsibility for actively promoting the rapid dissemination and adoption
of government supported r2search results or innovations which potentially may
produce significarﬁ benefits to the public resides 2t the highest level. However,
such activities are not without risks. In some cases the government may find
itself in the position of thereby destroying the initiative forAindustry sponsored
research in the same areas, or of unintentionally favoring cne private profit-
making enterprise over another due tc chance factors (such as geo‘graphic loca-
tion, personal contacts, etc.). This is not likely to happen in the transfer of
information or innovations into the life sciences, since the bi.k of research is
already government or institutionally supported. The humanitzrian appeal of
active efforts to advance the medical sciences lends support to activities by
govemm?nt agencies in promoting the dissemination and adoption of their inno-
vations in this area.

Communication of information between disciplines, or even from mission-
criented research to more general applications within \he same discipline, is a
highly complicated pfocess. Adoption of new techniques by medical practitioners
with responsibilities for patients is highly dependent on the method of communica-
tic;n, the communicator and the nature of the inncvation. To effectively reach

the various medical specialties may require that NASA utilize communications

bio-dynuamics, inc.
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channels other than those presently routinely used. For this reason it is
important to assess the effectiveness of present NASA dissemination techniques
and develop recommendations for improvements if appropriate.

C. Summary

by
/anmples of interdisciplinary innovation transfer, results of interviews

and questionaires, and a literature review nave been used to develop a series

of recommendations for improving the transfer of space technology innovations
into the life sciences. A number of specific instances of transfer have been
documented, but the general impact of aerospace stimulation of entire fields

of endeavor appears to be a more significant effect. NASA procedures for
disseminating information have been compared to those of several other agenc‘es
and the implications of the differences discussed. It is concluded that thereis
evidence of a ''spin-off'' of space technology into biomedicine, that the rate of

transfer can be improved, and that active efforts to produce transfer are justi-

fiable. - @{/
I/
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II COMMUNICATIONS IN THE LIFE SCIENCES
A. Communications Chan:iels
The diffusion of innovations within the life sciences is effected through the
use of a great variety of formal and informal channels of communication. These
channels are identified in the following paragraphs, and a discussion of their
effectiveness will be presented in later sections of this report.

1. Formal Communications

Formal information comrmunications include publications in scientific
journals, presentations at technical meetings or symposia, scientific books,
technical reports, and formal instruction {short courses, refresher courses,
etc.). The effectiveness of formal publications is enhanced by abstracting and
review articles or services, dissemination of reprints (often through industrial
sources if manufacturing of the innovation is underway), citations in the pogular
news media, and through a variety of other formal and informal intermediate
communications. Formal communications generally have the disadvantage of
reaching only a very restricted audience until a considerable time period has
elapsed since the original research finding was made. In the field of psychology
it has been determined that on the average 18 months elapse from the time a
research project starts until work reaches a report stage (1). An additional 18
months generally elapses before a journal publication appears, then 12 more pass

before the article appears in Psychological Abstracts, and another eight months

bio-dynamics, inc.
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pass before the article is cited in the Annual Review of Psychology. Published

programs from scientific meetings may greatly encourage informal communica-
tions among interested scientists and the information originator, but such pro-
grams are often not widely disseminated. Technical reports released to ASTIA
and subsequently to OTS may diffuse out to the general public in four or five
months, but ASTIA and OTS abstract or reference sources are not universally
read by non-governmental life scientists. Among those medical practitioners
contacted in the interview phase of the prcsent study, none regularly used ACTIA
or OTS services. Formal communications channels can produce rapid dissemina-
tion of information within the originator's own subspecialty, b.ut with the excep-
tion of certain interdisciplinary journals and sympccia, may not reach scientists
in other subspecialties, even within the same academic discipline, until a year

or more has elapsed.

2. Informal Communicc .ons

Informal information communications include conversations, letters, phone
calls, review of progress reports or grant requests, citations in porular news
media and informal seminar gatherings. Conversations may include those with
the originator of the information as well as those with individuals whose role is
solely that of transmission or conveyance. In certain specialties within the life
sciences great emphasis is plauced on personal contact communications, as

evidenced by survey results, reported in subsequent sections of this report.

bio-dynamics, inc.
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Informa! communicatiors can produce rapid diffusion otf researct findings among
small groups of researchers, but are not reliable in this respect. Ability and
opportunity to informally ccmmunicate information from the originater to the
user varies widely among individual scientists. Professional inforr:iation conveyors,
such as the detail men retained by pharmaceutical firms, effectively communi-ate
with some physicians, but no* with cthers. Salesmen or applications engineers
representing biomedical instrumentation manufacturers do not reach many
potential users, and have varying success in communicating with life scientists
once a contact is made. Informal communications are valuable adjuncts to formal
communications, both in guiding th= user to the appropriate formal reports and
in expanding the information formally presented. Informal communications
frequently result from c~ontacts made at :ormal meetings and are therefore at
least partially dependent on the travel funds available to a scientis:. It is repor-
ted that many scientists 'maintain cleser professional contact with scientists
hundreds or thousands of iniles away than they do with the ingtiiutional colleagues
with whom they have lunch" {2).

B. Problems in Biomedical Communication

The rapid expansion in life science research and the : <sulting enlargement
of tnowledge has severely taxed existing commmunications channels for diffusing
new knowledge ana innova.ions to the pctential users. Much of this research has

been government supported. ror example, fina:cial support from the Federal

bio-dynamics, inc.
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Government for medical and health-related research alone was expected to
exceed one billion dollars in 1963 (3). Communication of research results,

and particularly those of government sponsored investigators has become of

great concern to the Federal Goverminent, This concern was highlighted by a -

recent statement by the late President, John F. Kennedy:
"One of the major opportunities Jor enhanciag the effectiveness of our
national scientific and technical effort and the efficiency of Gover:inent
management of research and development iies in the improvement of our
abiliiv tc communicate information about current research efforts and the
results of past efforts'. (4)
Considerable progress has been made in improving the formal dissemination
of government sponsored research results (see Section IV of this report), but
much remains to be accomplished. Scientific journals represent the primary
storehouse of technical knowledge, and through such encouragemects as exten-

sion of the page-cost allowances to certain research grants additional lir~~

R T

"
e

ey

g g sy e

-

science publications are appearing. However, effectiveness of scientific journals

in interdisciplinary communication is limited, and the time delay between =sub-

mission and publication of a pap2r may range from three months to two years,

Bibliographies of research reports compiled by the Office of Technical Services

and review articles or bibliographies issued by various government agencies

may serve to alert scientists to the existence of unpublishéd technical reports

bio-dynamics, inc.
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-8-
which they might not ~stherwise discover, but again the time delay and the
restricted audience receiving ann.owncement of thhege reports are limiting
factors.
It is impractical for any' scientist to attempt to review all of the published
biological science papers, the yearly volume now exceeds 150, 000 articles and

is increasing at about ten percent annually. The number of journals containing

articles related to medicine is also rapidiy expanding. In 1£58 the National

Library of Medicine had approximately 13, 000 such journals (3).

Research is underway on many frents to improve scientific documentation

: grocédures. For example, the Institute for the Advancement of Medical Com-

munication, under the sponsorship of the National Institutes of Healu: and other

a.gencies is studying "'the metabolism of biomedical information from generation

‘to utilization, and of medical practitioners' use of available information' (6).

The National Medical Library is perfecting MEDLARS, a ccmrputer based storage
and retrieval systers devéloped by General Electric, which will regularly produce
Bibliographies in fairly broad éreas, provide specialized bibliographies, and

orgagize and print out Index Medicus. Biological Abstracts 1=cently introduced

a new listing method in an attemptffo meet the specialized information needs of
individual scientists. The new system is a permuted word indexing known as
KWIC (Keyword-in Context) which alphabetically lists under each heading those

titles of articles which contain the keyword (7). However, for the individual

bio-dynamics, inc.




'

iovon B SO

t

= =

S

= .
e g ————

e e

9]

O oD oo eem o pan o e

-3-

scientist information retrieval will remain a problem ir# the immediate future.

Information dissemination and retrieval problems differ from specialty
to specialty, and may be: particularly severe between disciplines. To obtain
relevant information from another technology for the solution of problems mthm
a particular field may require i.;'xat tiie scientist utilize unfamiliar referemnce
tools. Commumcativn Sf new developments is niore highly organized in some
fields than m others, particularly in those undergoing a rapid expansion of know-
le;ige. In general, scientists working in areas at the fringg of science have
—:little trouble keeping up to datg. For exa:nple, according to a recent article (8)
molecular i)iolégist,s keep abreast of developments in their field by means
of personal communication Such a system provides speedy dissemination,
the capacity for immediate evaluation, and rapid feedback of relevant or con-
flicting information. However, reliance upon personal communications is
obviously impractical in large fields of technology where the vast number
of individuals involved and the amount of information generatedv is such that

"a more serious difficulty exists, one that has been described as an informa-

tion crisis" (8).

bio-dynamics, inc.
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As new fields emerge and the number of scientists working in the area
increase, formal communications media appear in response to the needs for
information dissemination. The number of individuals working in the areas of
bioelectronics and bioastronautics has expanded beyond the level where personal
communications are adequate for keeping abreast of developments. For example,

the 1963 Bioelectronic Directorylists nearly 1300 senior individuals who reported

-

that they were working in the field of bioelectronics. The developing literature

in these fields is of concern to the present study since space technology innova-

tions relevant to non-space related biomedical research or practices will
usually be communicated through this literature. Product description periodicals

(such as Medical Electronics News), technical journals (such as Medical Elec-

tronics and Biological Engineering or IEEE Transactions on Bio-Medical Elec-

tronics), conferencesksuch as the Annual Conference on Engineering in Medicine
and Biology), and numerous symposia presently serve as specialized formal
communication channels in bioelectronics. These channels supplement the more
general instrumentation, electronics, and life science journals by carrying a
higﬁer density of information specific to the interdisciplinary aspects of bio-

electronics. Unfortunately a large proportion of the scientists working in medical

bio-dynamics, inc.
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areas do not regularly use, or are not aware of this interdisciplinary literature,
nor of the abstract and indexing sources which cover it.

Although the nu nber of iniividuals practicing medicine and the rate of

medical information generation are so large as to preclude relying on unorganized

personal communications as the major information dissemination technique,
little is known concerning techniques to improve personal interchange. The
necessity for personal interchange in effective medical communication has often
been repeated, and the stated reasons are diffic clt to challenge.
"The practice of medicine is in large measure still an art--much more so
than engineering or architecture. An art is better learned from participa-
tion, observation and discussion than from the best planned exposition or
formal presentation'' (2).
Personal communication is widely used by pharmaceutical firms in promoting
their products within hospitals and medical teaching institutions to disseminate
new developments and techniques, and even within government health agencies
ior the rapid dissemination of ideas and information. Amc;ng‘ those personal
com.nunication techniques which have been successfully employed by the National

Institutes of Health (NIH) are the Study Sections, Review Committees, and

bio-dynamics, inc.
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Special Advisory Groups. These groups, formed of leading authorities in their
field and representing institutions throughout the country, 'form a unique frame-
work of communication in the bic-medical science community" and are ''one of
the most vital and productive of the informal communications process' (2).
However, members of these groups are not necessarily exposed to the innova-
tions resulting from research efforts supported by NASA or by other agencies
outside of the NIH.

The i.nterdisciplinar& approach to problems in the life sciences has been
increasingly eyident in recent years. Effectiveness of this team effort has been
dramatic-all'y demonstrated in a number of instances, even to the point of esta-
tlishing new academic disciplines to exploit specific combinations of backgrounds
(for example, biophysics, biochemistry, health physics, and bio-medical engineer-
in’g) . . These interdisciplinary groups may help to bridge the communications
gaps between the physical, engineering, and biological sciences. At present,
the scientist not connected with a large institution may have little or no contact
with persons-able to discuss problems in his field and relate them to advances

in another field. In particular, there is a continuing need to reach the life

scientist operating within a narrow specialty, discover the problems for which

bio-dynamics, inc.
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he needs solutions, and communicate to him the relevant new technology in other
fields. if this must be accomplished through informal communications channels,
then additional knowledge will be needed regarding techniques for the development
and encouragement of personal interchange.
C. A Survey of Communications Habits of Selected Bio-Medical Scientists
A group of 86 bio-medical scientists in the Boston area were interviewed
to ascertain their communications habits, the needs for innovations or improve-
ments within their specialties, and what recent developments within their
specialties were regarded as the most significant. Those persons interviewed
are tabulated by discipline in Table 1, and by institutional association in Table 2,
The communications habits and preferences for information sources expressed
by the representatives of the various academic disciplines are described in the
following paragraphs. Needs for innovations and significant recent developments
in these specialties are described in Section V of this report.
1. Biochemistry - Seven biochemists were interviewed, four of whom were
medical doctors, one was a doctorof veterinary medicine, and two were Ph.D.'s
in biochemistry. This group expressed a strong preference for technical publica-
tion of their own work as a means of disseminating research results, but regard-
ed personal contacts as the best source of new ideas to apply in their work.
They regarded their field as one in which developments were occurring at a
rapid pace and that the up-to-the-minute nature of personal contacts was essen-
tial to keeping track of current developments. As a group, they made extensive

bio-dynamics, inc,
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TABLE 1

Summary of Fields or Specialties Obtained During
Interviews of 86 Medical Scientists*

-

—

———
[Fs

Anatomy

Anesthesiology

Audiology .

Bacteriology & Immunology
Bio-Engineering
Biophysics

Cardiac Surgery
Cardiology

Cardiovascular Surgery
Dental Medicine
Dermatology

Ear, Nose, & Throat Medicine
Ecology

Gastroenterology

Genetics

Genito-Urological Surgery
Geriatrics

Hematology

- Information Retrieval

Legal Medicine
Mathematical Biology
Medical Administration

Neurolngy
Neurophysiology
Neurosurgery
Obstetrics & Gynecology
Occupational Hygiene
Opthalmology
Optometry

Oral Pathology
Orthodontics
Orthopedic Surgery
Pathology
Periodontology
Pharmacology
Physics

Physiology
Pulmonary Physiology
Radiobiology

Renal Physiology
Respiratory Physiology
Sanitary Engineering
Teaching (Medical)
Thoracic Surgery
Veterinary Medicine

me m

*86 individuals from 23 institutions or non-profit organizations, five irdustrial or
profit-making concerns, one state government department, two self-employed.
} Included are individuals representing 47 fields or specialties.
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use of abstracting journals and cross-indexing sources in accessing information
sources, The group was sharply divided among those who actively sought out
new innovation information from industrial literature, equipment exhibils, and
demonstrations, as opposed to those who sought to avoid such contacts as much
as possible,
2. Biophysics - Ten biophysicists were interviewed, three of whom were
medical doctors, five Ph.D.'s, one DDS, and one MS. This group was unanimous
in the expression of the dominance of personal contact as an information exchange-
channel. They tended to downgrade technical meetings as an impcrtént communi-
cations channel, although symposia were regarded somewhat more favorable
than the convention ype of meeting. Journals were frequently regarded as
important sources of information, as was course instruction offered in area
institutions.
3. Radiology - Six radiologists were interviewed, only two of whom were medi-
cal doctors.., This group was heavily dependent on industrial literature or
reports, government reports, and technical journals as sourceg of information.
They favored journal publication of their own research findings as a means of
dissemination. Most of those interviewed expressed a need for better access to
government documents, reflecting the dominant role of g.overnmex'.t sponsorship
in radiation research. One interviewee expressed great dissatisfaction with
accessibility of NASA documents in this field. : -
4. Bioengineering - Seven bioengineers were interviewad, five of whom have
doctorates in their academi~ disciplines. These individuals tended to disseminate

bio-dynamics, inc,
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information priniarﬂy on the basis of personal contacts, much of this in the
l - course of providing consulting assistance to li‘e scientists. As a group they
- did not expr'eszs a preference for scientific joumalé over meetiigs 2¢ information

sources, although seveiral who were research oriented did. Several of the

_group were_employed by industry.~t by government agencies and utilized in-

<o

“"“"-hd;is‘glaﬁc'liﬁé'l‘m ébcux,nénts extensively. In general the bioengineers serve

,axséémnators ofvnemengmeemg and physmal science technology into the
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All of the cardiologists maintain close industrial contacts (biomedical instrumen-
tatic;n firms) or close contact with engineering groups in local universities.
Personal contacts with colleagues were regarded as more important than formal
meetings or journals as sources of information. Informal seminars in which
representatives from a biomedical instrument manufactur_ing company lectured

were also mentioned as a valuable interdisciplinary information source by

cardiologists from one institution.

8. Cardiac Surgery - Three cardiac surgeons were interviewed, two of whom
are practicing surgeons, the third concentrating in research. The practicing
surgeons regarded meetings as most informative and technical journals second
in importance. The research surgeon depended primarily on journals and per-
sonal contacts as communications channels.

9. 7 Hematology - Two hematologists were interviewed. Both considered per-
sonal contacts as their primary source of new ideas, jovinals next in importance,
and meetings less effective. Both regarded technical publication of their own
research results as the most effective means of dissemination.

10, Thoracic Surgery - Three thoracic surgeons were included in the survey,
one primarily involved in research, another primarily teaching, and the third

a practicing thoracic surgeon. All three rely on personal contacts as informa-
tion sources, but onl}; the academician and the researcher utilized journals

as a source of detailed information or as a channel for communication of their
own ideas. The practicing surgeon transmits information via informal hospital
seminars or case presentations, as does the acadermnician.

bio-dynamics, inc.
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1. Pulmonary Physiology - Four physicians specializing in pulmonary
physiology were included in the survey sample. Three of the four are supported
by full time engineering assistance in their research and practice, and all main-
tain close contacts with outside university and industrial consultants. The
researchers utilized journals extensively as a communication channel, while
the clinicians tended to favor technical meetings for this purpose.
}2. Physiology - Three physician physiologists were interviewed, all were con-
nected with academic institutions. Primary emphasis was on iectures and sem-
inérs within the insfitution as communication channels, a;thoughAthe library
facilities were also regarded as a valuable information source. Technical
meetings were not regaraed as very effective information sources.
13. Anesthesiology - Two chiefs of anesthesia services in teaching hospitals
and two researchers in anesthesia departments were interviewed. The former
reported that in the course of reviewing manuscripts or pre-prints, and per-
forming administrative duties associated with the research proje-ts performed
by their staff they are exposed to progress in their field in many forms. In
this capacity they also function as information transmitters, disseminating
new knowledge among representatives of government supporting agencies, industry,
colleagues, and residents. The researchers utilize technical journals extensively

as communication channels,

bio-dynamics, inc.
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14. Renal Physiology - One physician performing research on kidney function,
pathology, and treatment reported that extensive communication activities were
utilized in his department of a large teaching hospital. All members of the
department give periodic seminars on their work, have a compulsory journal
reading list, participate in grand rounds, and have frequent guest lecturers
speak to the department. In addition, formal coursework at nearby universities
is encouraged. This individual regarded technical meetings as a very inefficient
use of time.

15. Genito-Urinary (GU) Surgeon - One G. U. Surgeon was interviewed. This
individual communicates his skills and progress via technical meetings. He
also spends a large portion of his time in small conference groups composed

of colleagues and residents.

16. Neurology - Three neurologists reported that contacts with industrial
representatives for information on equipment advances were essential. Per-
sonal contacts with colleagues, and frequent visitors from foreign lands provjde
more information than might otherwise be gained at technical meetings and also
allow rapid dissemination of new information. New texts were also utilized,

but scientific journals were not regarded as particularly efficient transmission
channels.

17. Public Health Engineering - Two public health officers were interviewed,

one primarily involved in occupational health, the other in sanitary engineering.

bio-dynamics, inc.
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The former utilizes personal contacts éxtensively as a communications channel,
while the latter relies heavily on technical meetings and journals and industrial
literature as communications channels. Both individuals extensively use
government documents and reports for new information in their field.
18. Legal Medicine - One forensic pathologist reported that personal contacts
and literature from instrument manufacturers were his principle communications
channels.
19. Audiology - One audiologist reported that technical journals, formal course-
work at universities, and government reports were his principle sources of new
information,
20. Geriatrics - One physician specializing in geriatric services described his

communications channels as including interdisciplinary seminars attended by

( physicians, nurses, psychologists, psychiatrists, and social workers), local

level technical meetings, and several technical journals.

21. Ecology - One ecologist connected with a university was interviewed. Visits
to othe; institutions, discussions with colleagues and technical journals were
reported as the most effective communication channels.

22. Opthalmology - Two opthalmologists were interviewed. Both were asso-
ciated with a teaching institution and considered personal contacts and seminars
as important information sources. Technical meetings and journals were not

regularly used for this purpose.

bio-dynamics, inc.
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23. Optometry - Two optometrists reported that they rely heavily on industrial
ir.;ovations in their field, and on interdisciplinary meetings for information
exchange.
24. Ear, Nose and Throat (ENT) - One ENT clinician was interviewed. This
individual reported that technical meetings were the principle communications
channel for him since demonstrations at these meetings are a highly effective
means of communication.
25. Orthopedic Surgery - Three orthopedic surgeons were interviewed. All

madé regular use of journal articles (from The Journal of Bone and Joint Surgery

in particuiar), hospital seminars and personal contacts. Only one mentioned
contacts with instrumentation manufacturers as an :irflportant source of informa-
tion. .

26. Gastroenterology - Two gastroenterologists reported that periodic review
of instrumentation journals and personal contacts with colleagues and industrial
representatives were their principle sources of infcrmation on endoscopic inne-
vations.

27. Obstetrics and Gynecology - One physician specializing in OB-GY™ was
interviewed. This individual reported that it is difficult to obtain useful infor-
mation relative to new electronic instruments for his specialty. The equipment

is as complex as that used by the cardiologists, but engineering assistance is

not generally available. Communications are largely restricted to personal

bio-dynamics, inc.
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comntacts.

28. Veterinary Pathology - One veterinary pathologist reported that personal
contacts with individuals in government agencies and teaching/research insti-
tutions together with numerous technical jovrnals constitute his communications
channels.

29. Dentistry - Two dental pathologists, one orthodontist, one periodontist,

and one dental surgeon were interviewed. The pathologists rely on personal
contacts and a small number of technical journals as communication channels.
The orthodontist frequently consults with engineers at a local university for new
information. He also reviews technical journals in a number of diverse fields
for additional knowledge. The periodontist reported that technical journals are
his principle communications channel. The dental surgeon relies heavily on
technical meetingé, but primarily as a source of new personal contacts.

In summary, certain specialties that rely on engineering and the physical
gsciences for innovations are reasonably well supplied with transmitters of inter-
disciplinary information., Individuals in these specialties (such as cardiology,
respiratory physiology, cardiac surgery, and neurology) use a variety of com-
munication channels, and communicate extensively. In general, researchers
and clinicians depend heavily on personal communications and regard this
channel as the most important source of ideas, However, as a secondary

gource the researchers tend to rely on technical journals, while this is true

bio-dynamics, inc.
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for only a few clinicians (such as orthopedic surgeons). On the other hand,
many clinicians regard technical meetings as important information sources
(the demonstrations at the meetings being considered highly effective), while
the research.ars {ind then. to be a very inefficient communication channel.

Few of the irdividuals interviewed made use of government decuments or were—-

even aware of aerospace research which might be of value in their research

or practice. / ——— e
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IOI. DISSEMINATION OF INNOVATION

A. Model of Innovation Digsemination

Technological change has become an inherent part of the Western way of
life. The consumer, the industrialist, the scientist, the physician expect that
the way in which they perform their work today will seem antiquated a genera-
tion from now. Almost as universally accepted as the inevitability of change is
the recognition that not all sectors of the economy advance uniformly. The
modern farmer routinely raises food with tools and procedures that hardly
existed a generation ago; yet most fishermen have been relatively unaffected
by the mid-century technological revolution. Even within certain sectors of
the economy, such as manufacturing, there are vast differences in utilization
of the newer sciences and technology. Within the practice of medicine, perhaps
the most complex of human activities certain specialties have only begun to
benefit from the great store of physical science and technology which has been
built in the last twenty years, while other specialties (such as radiology, for
example) have been revolutionized during the same period.

The fact that these discrepancies exist is of great interest to the social
scientist as a ''natural'' phenomena; they are of urgent concern to those leaders
in the professions, industry and government who believe that efficient use of
technology, and effective guidance of the sciences which support it constitute
a major goal of any nation. Furthermore, the gaps which now exist between

what is available and what is being used may widen, since the rate of development

bio-dynamics, inc.
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of new technical information appears to be constantly accelerating.

These interests and concerns have lead to the develupment of "'models"
of technology utilization by economists and sociolngists. Our objective in this
study has been to construct a description of the present status of space technology
utilization in biomedicine, where it might be a few years from now, and to
recommend a program of NASA-OTU directed activities which will aid in achiev-
ing a high utilizalion. Hence, a review of the literature on innovation dissemina-
tion was undertaken to become familiar with the analytical methodologies which
have been developed.

Our review of the literature indicates that investigation of the process of
innovation introduction and spread has typically been addressed to either broad
"total economy'' studies (see for example reference 10) or to identification of
the dissemination process for particular innovations in particular contexts. As
far as we know there has been no scientific description of that effect of new
technology termed by Solo as a "widening (of) the horizon for business 'inventive-
ness and creative innovation" (11). There has 1lso been relatively little work
done on developing ways of measuring the netional activity which produces inno-
vation - science. While Dedijer (12) concludes that the U. S., Britain and the
USSR are spending roughly the same percentage (2.3 - 2. 8%) of their GNP on
gscience, and doubling their funding every four to five years, he points out the

unreliability of present methods of making suct assessments,
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The studies of dissemination of particular innovations in particular
contex's seem to divide into two groups. Those which describe the dissemina-
tion process as ob-:ying certain laws of probability, and those which deal with
the sociological mechanism of dissemination, describing the key factors and
their respective roles in the spread of a new idea or thing.

The work of Professor Mansfield represents the probablistic approach to
the dissemination of innovations (13). His study of the diffusion of specific major
technological innovations contributes models which serve as reasonably accurate
predictors of a firm's behavior with respect to such innovaticns. Mansfield has
suggested that a firm's ''response'’ tc the appearance of a new piece of equipment
is analogous, in a general sense, to the stimulus-response patterr- defined by
experimental psychologists studying animal and human behavior. In papers
published by the Cowles Foundation and the National Science Foundation, Mans-
field describes the acceptance of important new devices in four industries (bitum-
inous coal, iron and steel, railroad, and brewing). He sought to deterinine whether
data from firms in these industries would permit development of ""rules' for pre-
dicting innovation acceptance on the basis of the following characteristics of the
firm and the particular innovations. Rate, growth of the firm, the firm's profit
level and prof't trend, the age of its management, its liquidity, the extent of its
"commitment'' to R & D, the age of equipment which would be replaced by the

innovation, extent of competitive pressur< in the industry, the number of

bio-dynamics, inc,
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competitive firms using the innovation, the size of the investmeut required
by the innovation, the e-pected profitability of the innovation, and the size
of the firm (13, 14, 15, 16). Mansfield found that, statistically, the liklihood
that a firm would adopt an innovation was high, 1) if the required investments
were relatively low, 2) if it was expected to return a good profit, 3) if several
other firms had already successfully adopted it, and 4) if the firm were & large
one. None of the other characteristics of the user or of the innovation seemed
to be statistically significantly related to the probability of acceptance of an
innovatior, Grilischer ‘17), found that farmers exhibit an economically rational
behavior in adapting use of hybrid corn. The date of origin of use of hybrid
corr is an area, the rate of build-up in its use, and the eventual proportion of
hybrid/non-hybrid corn use was a function of the expected profitability of use
of the innovation,

The second approach to desciption of innovation acceptance - identifying the
sociological factors and the roles they play in the process - is represented in the
studies reported by Somers (18) and Hildebrand (19). Hildebrand finds that the
agricultural innovator - one who says he's willing to be the first m his communi-

"ty to iry somethiag - is different from the average farmer in most of the
following respects:

-highe1 income

-either markedly higher, or lower net worth

bio-dynamics, inc.
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-greater use of hired labor

-younger
A - -more education

- ’ -"n{)t a full time farmer

E o -rents part of the 12d he farms

. “experienced in incorporating innovation.

The personm a.nd economic stunuh to innovation are, of course, countered

by»bamers to mnovatmn, barners which are based on facts or ignorance, com-

3'_mngicg§onf:inadeqttacy, and som"e_important 'irrational" huiian considerations.

J'Ri‘ltié‘,r " barriers will be described more fully in following sections, but it
ifiust-jbe_éjke;pt in mind that "obviously' beneficial innovations are frequently

resisted by such unmeasurable forces as reluctance to "throw away' a still-

_ isg&ﬂwdeﬁce of procedure, pressures by or on behalf of workers who mu.t

. T

_“E - apan;re new skills?the\innovation is adopted, and the lack of confidence of

V= _ ;@anagemgéxg’in*its own ability to direct the productivity of the innovation (20).

ﬂ “:, - S 'ihére\gre few_markets in which efficiency of introduction and dissemination
‘ E . “of innovation are as important as they are for drugs and medication. The
Ao e Natibnal'Science Foundation's survey of-induatrial research and development

R \,"\w.“\‘.
%E R *expekndxtures dmclosed that the drug industry!s annual investment in research
; l ’ j): was above any other mdu:trv, and msmg (in the years 1958-60) faster than

.. mdustgy as a whole (21) 'I'hxs large and expanding scientific effort is producing
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new drug products at an apparently ever-increasing rate. Hence, the more
the drug producer knows about the diffusion of change in clinical medicine (i.e.,
the more accurate his ''model" of the drug adoption process) the better able is
he to efficiently introduce his innovation.

Coleman and Menzel of Columbia University published what has become a
classic study of new drug dissemination in 1959 (22). They studied the spread
in use of a new drug as a social phenomenon, disregarding the objeﬁcive merits
of the drug. The importance of social contact among physicians as an agent in
wide@g use of the drug was clear - especially in the early stages ur thie drug's
introduction. Certain medical specialties were quicker than sthers in making
use of the drug¥ (pediatricians being more innovative in this case than internists,
for example). Other studies of the drug acceptance phenomera include Menzel's
(23) which led to the conciusion that the doctor's attitude toward change in gen-
eral (i.e. wheter innovation was inherently good or not} .-as related to the nature
of his doctor-patient relation. The innovative physician, for ex;ample, seemed
to more regularly repond to patient's feelings and requests.

Rogers (24) has published a recent review of more than 500‘studies relating
to innovation dissemination. He makes the observatior; that: "although the
diffusion of most desirable innovations requires a considerable lag, there is

a certain inevitability in their diffusion''. The lags he cites as representative

*The drug was one that might be used by a practitioner in any specialty.
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are 14 years f{or adoption of hybrid corn, and 50 years for adoption (by all

scheols) of new educational practices; Mansfield (15) found that it generally

took more than 10 years for all major firms in an industry to accept an impor-

tant innovation. There are many different ways in which the elements of the

diffusion process can be classified: Rogeus sugges:ts dividing the phenomena

into:

Innovations
Communication
The social or economic system context

The time during which the diffusion process is operating.

Inasmuch as the purpose of the present review is to establish a conceptual

groundwork for the analysis of space technology transfer and for development

of recommendations as to how to increase its efficiency, the following action-

oriented categorization appears more appropriate:

b
-~

Nature and probable benefits, including advantages-disadvantages of the
innovation.

Actions of the introducer of the innovation
a. ""Packaging' of the innovation

b. Communication content, method and timing.

Characteristics (including attitudes) of potential and actual acceptors
of the innovation, and their actions with respect to the innovation,

Barriers
Stimuli

Methods of measurement and analysis of the process.

bio -dynamics, inc.
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Follcwing are some of the less obvious current experimental findings and
hypotheses regarding these factors int spread of innovation:
1. Nature and probable benefits, including advantages-disadvantages of
the inrovation. +
The innovation that is compatible with current practices and culture
will be more readily accepted.
The innovation must fill a need which the potential acceptor has
already recog‘nizéd.
2. Actions of the introducers and disseminators of innovations.
a. ""Packaging'
In the case where the form of innovation can be modified to fit the
market, it should be so modified to reflect the consideration cited
above. Often, in the case of space technology, the “packaging"
effort will take place in planning the communication, so that the
innovation is described in terms that will render it mosc acceptable.
b. Communications
The communicator typically is operating in an "'open loop'" mode;
he can control the quality, intensity, frequency, etc. of the communi-
cation, but he cannot control the tuning or sensitivity of the infor-

mation receiver nor can he even readily observe the effect of his

*Hereafter the term innovation will be used to encompass ''the developmenunt,
invention, discovery, modification or new use of a device, process, material,
system, or technique' (NASA Form 66, Rev. Jun 62).

bio-dynamics, inc.
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communication.

As the process of innovation acceptance proceeds from awareness to

adoption, the form of coinmunication needed also changes. In the

early stages, "impersonal' communication raedia (articles, etc.)

are most effective, but in the trial and evaluation stage, personal

communication is of vital importance.With regard to major technological

innovations, there is little evidence that lack of initial knowledge about
.

innovations is a significant factor in the delay of their adoption (24).

However, the communicability of an innovation is an important factor

affecting the rate and extent of adoption. If the innovation provides the

user with a "topic of conversation' and is widely discussed, its diffusion

will be accele:-ated.

Personal communication by an outside "'innovation agent'" (e.g., and

OTU representative) is more important to early than to late adopters

of an innovation.

A vital role of communication by the innovation generator is simply to

lower the threshhold to change; i. e. communicate the idea that change

is at least not undesirable. In doing-so, the innovation generator must

consider the potentiai acceptor's image of him in planning the communi-

cation. For example, NASA's image to the life science rescarcher or

clinician is simply not the same as that of NIH. The most difficult

bio-dynamics, inc.
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communication problem is from one community into anosther
which has few congruent problems. attitudes, etc. ({for example
NASA supported metallurgists communicating with dental sur-
geons). Communication must be bilaterial in innovation "pack-
aging'', introduction and dissemination. The originator must
receive the needs of the potential user and the constraints of
his "environment' as well as transmitting information.
In a community which has a steady or very slowly changing pattern
of communication channels for new ideas, (e.g. microbiologists)
the innovation source must decide to commit itself to a long range
program of feeding innovation, so that the users come to view the
agency as a regular source of new ideas, :.md to (as a goal) solicit
innovations from the agency. In promoting utilization of science
and technology developed under the space program, OTU must use
communication to push and pull. That is, in some instances NASA
must deal directly with potential users of its knowledge (scientists
in re-scientific findings), and in other cases it must educate the

target community about the availability of technology which must be

"converted" (by a manufacturer, or a clinical evaluation group, etc.)

before the innovation can be useful.

bio-dynamics, inc.

PP PN

[ o S P
mtts e



ARSI

VTR Y~ e

| yee—" {we vl

[ --n]

| —

:_ _
]
" N M R o) ) /e TS

-33-
3. Character.stics of potential and actual acceptors of the innovation, and
their action with respect to the innovation.

A useful (although not yet detached) model of the innovation dissemination
process is based on learning theory. In this view the potential user is seen as
the subject of a "conditioning' operation in which accepting behavior is to be
rewarded by the direct effects of the innovation, or by indirect positive rein-
forcement of his colleagues. In most cases the curve of number-of-adopters
in time assumes the shape of a normal distribution. Rogers (24) characterized
the groups who constitute this distribution as:

1) Innovators (venturesome)

2) Early adopters (respectful of »- ~ actively soiiciting information about

the new)

3) Early majority (deliberate)

4) Late majority (skeptical)

5) ILaggards (traditional)

Rogers has also characterized the process through which each user goes
as: awareness, interest, evaluation, trial and adoption.

Some innovations (in particular the large ones) require acceptance by a
group, each member of which may have different characteristics and motives.

While the instrument-maker has always been a necessary ancillary to the
life scientist, his contribution has generally been sporadic. The emergence of

the physical sciences, mathematics and engineering acting in professional collab-

oration with the life sciences is recent, and not yet widespread. There is still

bio-dynamics, inc.
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a great gap in iang age, methodology and goods which the outside "seller"
of new physical scicrnce and technology must recognize.

Clinical medicine seems much more hierarchically structured (by senicrity)
than its supporting life sciences,

An outstanding innovator and student of the new technology dissemination
process, J. R. Pierce of Bell Laboratories, drew a clear distinction between
the motives of thc scientist and the technologist in accepting change. The
intent of his observatior would not be distorted, we believe, by substituting

the term clinical physician for technologist.

"The difference in motive (between the scientist and technologist) is
reflected in the source of innovation. The direction of a scientist's work
is iikely to be determined by current fashions and this assures the required
association with and stimulation from others on related problems. The
broad goals of the technologist are usually set by the objectives of an organ-
ization rather than by fashions. We need both creative scientists who are
broad enough to look beyond the current fashions and creative engineers
who can appreciate scientific discoveries and incorporate them into tech-
nology" (25).
4, Barriers
Even in these times of instant remote communication and rapid worldwide
travel, barriers of space and time between the source and potential users of
innovations are important.
The economic factor is still an important barrier to acceptance of equip-

ment innovations in the life sciences. In part, this is due to the inherent high

cost of modern systems, and in part due to the tradition that the life scientist

bio-dynamics, inc,




-35-

and clinician have worked with essentially simple tools, and do not mentally

‘.., ‘
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[ budget large funding for i-novations.
The earlier description of the necessary characteristics of innovation and
the communication process implicitly identified some barriers to innovatiox

spread. In addition there are some forces of resistance which cannot be econ-

omically modified by the innovation disseminator. These forces - these unyield-
ing barriers - must be considered in planning the introduction of a new idea as

a new thing. These barriers are least strong in life science research (although

therc are important differences among the biological and behavioral sciences)

} and most deterring in clinical medicine.
I In the practice of treating patients one detects a growing resistance to

novelty for the sake of novelity, a corviction that the effectiveness and the side

N effects of any new device or material or procedure must be quite well understood

{————

to avoid the diseases of progress the iatrogenic threat to patient survival.

One such tragic result of progress was the by-product ¢f superior engineering.

| p——

The late nineteen-fourties and early fifties saw the development of tlindness in
nearly a third of all underweight premature babies born in the C. S. The

blinding disease, retrolental fibroplasia, was traced to ''excessivc’ oxygen

Lomowad oo meed

being supplied to nursing incubators. Modification of air supply practice

§ v ed

virtually eliminated this cause of blindness. An opthalmologist stated to us,

half seriously, that the tragedy would never have occurred had not engineers
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perfected the leak-proof incubator which permitted virtuaily complete control
of the atmosghere,

Thus in clinical medicine there is the barrier of time; innovation must be
proven beneficial, and practical, in the reeear.ch setting, and, frequently, in
teaching hospitals, before the practicing specialist will adopt it.

An important concideration in the spread of innovations in medicine is
the amount of new skill the acceptor must master in using the innovations.
"Using" a new life science tool, implies not only operating it, but maintain
and, most important, interpreting the meaning of the data yielded by the tool.

The great majority of practitioners in each life science discipline and
medical specialty look to colleagues in their own field for innovations, The
"not invented here'' attitude of resistance to "outside.” innovations is strong
among those engaged in medical research and practice,

The increasing specialization of medical sciences brings with it increasingly
more severe performance criteria for adoption of an inu. vation.

At the same time, the prospective disseminator and innovator in medicine
cannot, typically, int'roduce statemnents of economic advantage of his innovationa.
The researcher and the clinician are generally not impressed with discussion of
cost savings attributable to the innovations because the uitimate criteria of vaiue
to the investigator (advancement of knowledge) and the practicing physician

(advancement of human health) are inherently imreasurable,
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5. Stimuli

The term stimuli is meant to mean more than the absence of barriers. In
the case of virtually every innovation acceptance there are forces operating
which tend to facilitate use of the new ideas or things.

Economic stimuli, from the point of view of the medical field are not gen-
eralizable for the reasons cited earlier. While a hospital administrator will
factor expected cost savings into his decision (or recommendation) regarding
innovation budgeting, such a consideration is of marginal importance. Thus
the economic model of innovation dissemination suggested by Mansfield* can
be applied only loosely to the life science tield.

Generally, the fewer the number of individuals who must be involved in
the decision, the more rapid the diffefences.

Crisis, of course, accelerates acceptance of new ideas. Here is meant
both the crisis of new opportunity (as in the field of genetics recently) and new
problems (the growing numbers of the elderly).

Small steps are easier than big steps. An innovation that requires a rela-
tively small commitment (of prest.ge, of risk to the patient or the experimental
desiAgn, etc. as well asg dollars will find a more ready response.

Competition is no less prevalent in the life sciences than any other human

*to review: the probability of an individual, or an operating unit accepting an
innovation &2 ( proportion ot the "community'” already using it, the expected profit,
and some ''progressiveness'' descriptors of the community) divided by size of the
investment.
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activities, and, particularly in those fields which are advancing more rapidly,
the competitive pressurc is expressed in stimuli to try new tools, and emr brace
new hypctineses,rather than pressure to excell in marketing of established
practices,
Availability of funding (whether from the government, in the case of
research, or from lucrative practice in the case of certain of the medical

specialties) is an important stimulus to try out the new.

6. Methods of Measurement and Analysis of the Process of Innovation Dissemina-

tion. .

Investigators of the diffusion of innovations generally are interested in
describing the ; ~ocess at least in terms of the time required to achieve an
equilibrium level of adoption (i. e. the point at which the percentace of users
is no longer growing). When the originator of the innovations is a commercial
enterprise, he is in addition interested in measuring the cost of the introduc-
tion, relative to the profit its production returns. It can be expected that both
the sociological student of the technological change process and the econocmist
will in the future be able to measure and establish mathematical correlations
among the factors which influence the acceptance of innovation, Thus, while we
must now be satisfied with working with equalitative descriptions of individuals
as ''early adopters'', or '"laggards', etc. we can at least hope that in the future

communities of prospective users can be described with some precision as

hio-dynamics, inc.




-
I
[
b - -39-
4 39
. -
:; i . objects of varying susceptibility to scientific and technological change.
‘1 The euormous samples of variables which interact in the flow of new ideas
JE RN ’
j S~ into and within communities defy detailed modeling without the use of computers.
4 T~
i .
B i'_: Compiter simulation of community response to such innovations as fluoridation,
. B “presidential candidates, etc. now underway will contribute to the efficiency of
4 K . <
S ~ -OTU and others interested in predicting, planning and monitoring the dissemina-
“,"’7' _%’lf - - ) S
q 3= ~-"I__vr -tion of innovations. More specific action in“these areas which might be adopted
‘ g - L ‘hy:OTU» are included in the reécommendations in Section V of this report.
- u il 7 - . ! S : -
= . F . Examles of Innovation Disseminstion in the Life Sciences
a2 - - T
- [4, e ~ The Aforego;_-“fg surxmary of the state of the art of the study of innovation
2 E B S infreAuction and spread drew from the work of observers of technological change
- T . in iﬁdustry, agriculture and medicine. Before going to a discssion of just what
s o ~
S ~__ NASA has in its invertory of science and technology to introduce-and disseminate

- ’in the life scienves, a brief review of specific, recent cases of adoption of new
i 7 "€ p P

1174
A’
fon
Ty
)
"

srace-related ideas seems appropriate, The c:ses were selected as representa-

tive of the kind of innovations which the life sciences car expect to receive from

the space progiram, for they:
. »

s di
ol
l

¥
:
! )
1t
‘

1

[

1) . . draw heavily from the physical sciences and engineering

2) entered medicine via raedical research centers

~ I3

. - 3) .represent an infusion and adaptation of new techniques iato an existing
“T. .0 ¢ o+ area of medical intérest.

oo

s 7
e eg
NS
%

3

en

- ~



A m—

-

vy

-40-~

’I‘he‘ two cases are not representative in one significant respect: both
ire "spectacular', while we believe that the total impact of the space program,
as will be discussed later, will be mainly constituted of a great number of
“small" transfers of technology, and diffuse changes in attribuics and modus
operandi of research and clinical medical specialists. The first instance to

be cited is proton beam surgery.
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B. Proton Beam Surgery

This case exemplifies the role of mission oriented agencies (NASA and
the military) in stimulating the refinement and dissemination of an innovation
by providing a challenge closely related to 2 medical problem, and the funding
to address it. The space-originated challenge was to determine the hazard of
cosmic radiation to space travelers. The medical problem was to explore
the potential value of high energy particulate radiation as a means of carefully
controlled tissue destruction.

During the past 35 years astrophysicists have been increasingly inter-
ested in investigations concerning the physical nature and origin of the
enormously energetic cosmic particles which bombard the earth. Initially,
studies of cosmic particies were directed t;)ward gaining further insight into
the nature of energy and matter. However, with the advent of the space age
and the probability that man would activaly participate in space expioration,
emphasis was placed on the study of the biological effects of high energy.
pérticulate radiation.

Prior to May of 1958, it rwas assumed that the radiation leV;el due to
cosmic rays and electromagnetic radiation would be sufficienfly small as to
not constitute a serious hazard during space travel. Early rocket data confirmed
that the radiation hazard was small, but in May of 1958, the ass.:ssments of the
nazard wete dramatically changed with the announcement by Dr. James

Van Allen, of the discovery of belts of heavy particle radiation, and subs:quently

bio-dynamics, inc.
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of intense proton irradiation. during solar flare activity. Tt was essential tc
obtain information regarding the relative biologic effectiveness of the highly
energetic protons and other cosmic nucleons, some with energies over a
billion electron volts, prior to undertaking prolonge< manned space voyages,
These findings brought a bout increased researci. =flurt into the radiobiology
of high energy particles, which in turn led to new and significant innovations
in medical radiation treatment.

For the past three decades there have been many cfforts in experimental
radiation therapy t6 produce therapeutically effective ionization in deep lying
diseased tis§ues without producing excessive damage to superficial healthy
tissues. Despite the use of more energetic radiations, such as Cobalt 60
gamma rays and superwltage x-rays, and the utilization of ''cross-fire"
techniques, the damage to healthy surrounding tissues still inhibited effective
depth irradiation. therapy from existing external radiation sources.

In 1946, Wilson (26) suggested that fast protons might be used in radiation
therapy for the selective destruction of deep tissues. The rationale for this
suggestion was apparent from the linear energy transfer characteristics

of such high energy accelerator produced particles. The linear energy transfer
for fast protons sharply increases toward the end of the proton track as it
penetrates a material. The location of this sharp peak, the Bragg Peak, with

heavy ionization density in relation to the shank of the beam depends on the

bio-dynamics, inc,
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proton energy and the material being irradiated. Consequently, it would be

possible to selectively irradiate deep tissues while at the same 'me exposing

Furthermore, since the protons only penetrate to a given depth, the far side

of the irradiated locus would not receive any radiation (unlike the conventional
x-ray or gamma ray therapy). In 1952, the first study on the physical
properties of high energy rucleons and their biological uses were “eported (27).
This work was performed at the Donner Laboratories in Berkeley and was

made possible with the completion of their 184 inch cyclotron. Subsequently
some promising preliminary studies reinforced the need for the develop-

ment of this new biomedical tool. A number of these early studies are briefly
described in the following section.

Non-Surgical Destruction of the Pituitary

Destruction of the pituitary has been shown to be effective therapy
for the following:

a. the treatment of acromegaly, an abnormal proliferation of certain
cells of the anterior pituitary.

L. hypophysectomy to inhibit mali mant tumors of endocrine aud
reproductive tissues.

c. hypophysectomy for advanced cases of diabetes mellitus complicated
by retiropathy and other vascular degenerative changes,

d. malignant exophthalmos.

bio-dynamics, inc.
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Due to the location of the pituitary, conventional radiation treatment is
undesirable due to the possibility of severe damage to the nearby cranial
nerves. Surgical extirpation is effective but since it involves a certain amount
of risk to the patient it seemed thot high energy heavy particle irradiation might
be the therapy of choice. The first use of high energy (340 Mev) protons
" on humans was reported by Tobias and his group in 1958 (58). The pituitary
was successfully irradiated, but there were many severe side effects due to
damage to the surrounding brain and cranial nerves. It became apparent that
not only dose and dose rate were important but also the volume of tissue
irradiated influenced the degree of damage. In order to further reduce damage
to surrounding tissues, multiportzl rotation techniques were adopted. Doses
ranging from 14,»000 to 30,000 rads were: given to 26 patients with advanced
metastatic mammary carcinomas and although the majority of these patients
died (most were already in terminal condition), two showed marked improvement
and survived almost two years. This finding was sufficient to suggest that
further work on non-terminal patients would be beneficial and 150 additional
cases were treated (27.) Tn these patients almost half showed regressions of
the tumors for considerable periods of time. Recent work on high energy
nucleon irradiation of the hypophysis with 800 Mev alpha particles on 17
cases of acromegaly and chromophcbic adenoma has been reported by

Lawrence and Tobias and their group (29, 30, 31, 32). Their results showed that

bio-dynamics, inc.
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doses of 4000 to 7200 rads produced an effective and relatively safe treatment
which halted growth in acromegalies without completely destroying the
pituitary.

Other recent work reported at the Massachusetis General Hospital (MGH)
Proton Beam Seminar Series includes the studies at the Harvard cyclotron
by the Neurosurgery Department of MGH. This work has ﬁelded promising
results on a number of advanced diabetic patients with marked retinopathy
and other vascular degenerative changes. In the 17 patients done to date, the
majority have shown marked improvement following high energy proton
irradiation of the pituitary. Relativel)’l few have shown cranial nerve damage
and the insulin requirements have droppeg considerably. Large scale studies
are now possible due to a grant by NASA which began in January, 1962,
providing both considerable time on the cyclotron and facilities at the site
for biomedical studies (33).

High Energy Particle Irradiation of the Brain and Other Tissues.

It quickly became obvious that focal destruction of brain tissue by high
energy nucieons could be of considerable value in both clinical applied techniques
and in basic studies on the physiclogy of the central nervous system. Of
immediate interest is the possibility of high energy particle irradiation for the
following purposes:

a. the t--eatment of malignancies located deep in the brain mass.

bio-dynamics, inc.
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b. selective placement of lesions to treat Parkinsonian symptology (34, 35)
c. treatment of symptoms of cerebral palsy.
d. possible localized placement of lesions for psychosurgery, short of
the medical surgical procedures of prefrontal lobotomy done by Freeman

and Watts.

e. treatment of deep carcinomas in relatively inoperable loci outside
of the brain.

The first proton irradiation pilot studies on human patients with brain
tumors have been completed on human patients by Kjellberg at Massachusetts
General Hospital (33). In cases completed so far, transient improvement of
symptoms was noted in almost all pat.ents. (One of the major problems to
date has been the accurate localization of the tumor's outer boundaries).
Another pilot ctudy of seven cases of human carcinoma irradiated with a beam
of high energy protons has been reported by Falmer, et al in Sweden (35).
Even in cases in which the entire pelvis was irradiated a single protoun dose o}
3000 rad produced obvious regressive changes without producing scvere
damage to skin or urinary tract.

A group at Upsala (36-41) reported heavy particle surgery as early as 1559,
Localized lesions in the central nervous system of the rabbit produced b a
185 Mev proton beam were reported at that time. The zone of destruction
was sharply « elineated to correspond with the path of the beam and only

minimal hemorrhcges were seen. Areas of necrosis could be observed in the

cord and these degenerative changes were attributed primarily to vascular
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damage rather than to selective effects on neurons. In another study 4
pigeons were decerebrated with radiolesions produced by 155 Mev protons,
It is significant that much of this Swedish work was sponsored by grants or
contracts from the U, S. Air Force and was prompted by concern over the
space radiation problem. The Swedish investigators visualized the uses
of irradiation in bloodless localized human neurosurgery from the start of
their early studies. The first successful treatment of a small group o
patients with psychic disorders and Parkinson's disease was reoorted
by Leksell at the International Congress of Neurosurgery in 1961 at which
members of other groups using cyclotron produced high energy nuclcons were
in attendance and also presented papers.

Animal studies at the Donner and the Lawrence Radiation Laboratories
(42-46) have provided considerable data which could not have been obtained
through human exposures., However, a human pituitary treatment as early
as 1959 was reported in a recent review by Uinfoot, et al. (47).

At the Harvard cyclotron several studies of similar nature to the Donner
and Lawrence Laboratory animal work are now in progress. Two such studies
are investigating the interrelation of proton beam irradiaticn with radiation
potentiating compounds. In the past, such studies using x-rays were not very
promising due to the fact that healthy surrounding tissue also took up the

potentiating compound and greater damage to normal tissue would result.
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However, with the use of the Bragg peak of high energy nucleon beams,
it 1s now possible to get high doses of irradiation localized at a given site
and thus might permit the use of chemical potentiators to develop a more
efficacious therapy.
In some yet unpublished findings by Kjellberg at MGH, Levy at Boston

University, and Sondhaus at Berkeley (48) it appears that the biologic effects

of a given total dose increase markedly as the dose-rate is increased. If these

observations are confirmed it would mean that since the Bragg peak dose-
rate is greater than the beam shank dose rate the relative biological effects
would also be greater. This would further enhance the capabilities of this
method.for differential tissus. destruction by bloodless surgery.

The initial research effort to determine the hazard of high energy
particulate radiation to the space traveller kas shown that unde: mogst cir-
cumstances (discounting prolonged flight in the Van Alien belts) the
probability of damage to the astronaut is indeed negligible (49-57).

This being particularly true in light of the classic study of Zeman, et al.
(58) on the histopathologic effect of high energy-particle microbeams. Using
small beams (still greater than the dimensions of a clustered particle)} it
was found that extremely high doses (400 kilorads) were needed to produce

a microlesion. Thus it seems unlikely that single hits would produce either

functional or organic disruption of biologic function. On the other hand the

bio-dynamics, inc.
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fruits of this research have found new practical application in radiation therapy
and nerosurgery which are extremely promising and application of these
high energy particles to basic studies in biology, biophysics, and radiation
biochemistry have also provided some valuable inzights. Recent research
interest has increased considerably and it is expected that even greater
effort will be applied in the future. The primary limitation to date has
been the small amount of time available on the high energy accelerators.
This has in part been alleviated by NASA, AEC, and Air Force grants, but
the need for new particle irradiation facilities for biomedical apuvlications
is still the critical limiting factor. Tobias' group at Berkeley has received
researcch grants from NASA totaling about one and a half million dollars
since 1961. Crants from NASA to the Harvard groun have amounted to about
a half a million doilars.

The developmen* of the biomedical uses of accelerator-produced
high energy particles has been marked by frequent exchanges of information
among those presently active in this field. Special symposia have been
important in this respect. For ex2.nple, at the 32nd anunual meeting of the
Aerospace Medical Association, April 1861, in Chicago a number of papers
summarizing and presenting new data on effects of high energy particulate
radiations v.ere presented in a special symposium on Aerospace radio-

biology. At the Second International Congress of Neurological Surgery, held

bio-dynamics, inc.




———

e e ek

| ovalings |

eatonk]

[t |

d e

co

o

~—-’

-50-
in Washington, D.C. ir. Octcber of 1961, all of the principle groups doing
high energy work rresented a review of methods and findings. The First
International Symposium on the Effects of Ionizing Radiations on the Nervous
System, sponsored by the International Atomic Energy Agency, was held in
Vienna in 1962 and included papers by Tobias and his collaborators from
Berkeley, and Zeman from Brookhaven on the effects of high energy
particulate irradiations. In addition, four papers were presented on the
effects of high energy particle irradiations at the Second International
Symposium on the Response of the Nervous System to Ionizing Radiation, held
in August of 1863 at UCLA under the joint sponsorship of ﬂ.'ze U. 8. AEC
and the National Institutes of Health. -
The role of personal cornmtu ’‘cations as a channel for the dissemination
of information and ideas has been particularly important in the development
of biomedical applications cf high-energy particles. Dr. Kjellberg of the
Massachusetts General Hospital (MGH) visited Dr. Tobias' laboratory at
Berkeley in early 1960 tc learn the techniques already in use. In May of
1961 the first of Kjellberg's patients was irradiated at Harvard., Exchange
was furthered when Dr. Wang who had wcrked with Tnbias came to the MGH.
Within the Boston life science community there were frequent interchanges
of information, some of which resulted in a return of new information to

Tobias' group. For example, Dr. C. K, Le y, ¢ radiobiologist &t Boston
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University with an interest in reurophysiology, met Kjellberg through a
mutual friend and arranged to use the Harvard accelerator for certain plant
studies. Subsequently Levy was invitea oy Tobias te give a seminar at
Berkeley on the effect of high energy charged particles on the sensitive plant
Mimos:.. Pudica. The personal communications channel is not restricted by
national boundaries and is especially iinportant when new laboratories are
being established. For example, an English phvsician recently spent a
year working with Kjellberg learning techniques which would be of assistance
in setting up a similar program in England.

A large nurnber of technical publications have appeared as evidenced
by the bibiliography. In addition to those cited a number of other related
articles have appeared in a diverse group of publications reaching a wide
range of disciplines. Some of these articles, the journals in which they appeared,

and the audience reached are indicated below.

Title Journal Principle Discipline or
T Readers
Accelerators in Biology Nuclear Instms and Physicists
and Medicine Methods

6:96-100, 1960

Production of L.aminar Science 126:302, 13957 Broad Audience of
Lesions in Cerebral Scientists of
Cortex by Heavy Ionizing Disciplines
Particles
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Effects of Heavy Iunizing
Monene rgetic Pzrticles on the
Cerebral Cortex

Heavy-particie Irradiation
in Neoplastic and Neurologic
Disease

Protection of Proton-Irradiated
mice after PAPP and MEA

Alpha particle and proton
beams in therapy

Medical Research with High
Energy Heavy Particles

Effects of Heavy High
Energy Charged Particles
(4 papers)

The Deuteron Microbeams
as a Tool in Botanical
Research

-52-

J. Ccmp. Neurol.
115:219-242, 1969

J. Neurosurgery
19:717-22, 1962

Radiation Research
19:229, 1963
s&m, J. Med. Sci.

245:479-84, 1963

Nucleonics 21:56-81
1963

Arch. Pathology
76:497-52G6, 1963

Radiation Botany
1:255-268, 1962

‘s

Neurologists
Neurophysiologists

Neurosurgeons

aaiobiologists

Broad Medical
Sciences, all
disciriines

Engineers, health
Physicists,
Physicists

Pathologists

Botanists

A number of review sources are also available which have been useful

in communicating information -oncerning the biomedical uses of high energy

particulate radiation.

Pericdic press releases and even television coverage have been used to

publicize advances in high energy particulate work., For exzmpie, at the

formal opening of the new Cyclotron Ruilding at Harvard, good press and

television coverage was provided. Publicity has been good, as

evidenced by the large number of patients referred to Kjellberg's group

by other Boston hospitals, and even by the NIH in Bethesda.
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It is interesting and not at all surprising that the Soviet's interest and
development of .iigh energy accelerators has paralleled our own. Although
their progress in the study of rauiobiology of high energy particles is not
completzly known, the available reports suggest that they are undertaking an
extensive program, As in our own program, the initial reports dealt with
problems of biology ir cosmic flight (55, 56), and subsequently resulted in
iaboratorv siudies on the relative bialogic effectiveness of accelerator pro-
duced high energy radiations (59-60). In 196G, a review was published in a
Soviet journal on the application of high energy radiation for the bloodless
destruction of brain tissue (61). It is probable that Scviet work paralleling our
own is continuing in this area.

C. Biomr:dical Applications of Lasers

Cui second case was selected to present what arounts to a classic
example of a new technology entering medicine from physics and rapidly
disseminating throughout the life sciences. The following discussions will
present the innovation and communication phenomena which accompanied this
dissemination.

The OPTICAL MASER, or LASER (I..ght Amplification by Stimulation
of Emitted Radiation) is selected because 1t represents, in concept and per-
formance, a departure from any previously known device; it is of recent
discovery, so that its first appearance can be pin-pointed in time and the
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first biomedical application rollowed so soon upon the Jaser's discovery

that the skein of the informational thread can still be tfollowed with relative eace.

Citation of the laser as a case of irnterdisciplinary diffusien of innovzation
understates the general dissemination prcblem because the tremendous
importance of the discovery assured it greater publicity than would be
given to a less spectacular development. In a sense, this aspect of the analysis
strengthens the conclusions to be drawn: whatever steps were operative in
disseminating laser~information must be greatly multiplied or intensified
if 1t is desired to disseminate less publicity-prone discoveries.

Physiczal Uiweory and engineering specifications are not germane here.
Biologically, it is import~=ni that the laser emits a beam of light of unprece-
dented szzctral purity and homogeneity, focussable onto a small area with
wiprecedented intensity.

Analysis of this "success story'' indicates the existence of many condi-
tions which favored the spread of the laser within medicine. Among them were:

Characteristics of the innovations

1. essentially simple

2. inexpensive, and not requiring elaborate supportirng equipment,
3. analogous to other tools which have been used in medicine
(photocoagulator used by cpthamologists, for some time. OV

and IR sources used by dermatologists, etc.)

4, inherently significant

5. its use was prestigious.

bio-dynamics, inc.
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Communications
1. sheer volume of publications (and publicity) accompunying it,

2. occurence of publication, and organization of symposia of an
interdisciplinary nature.

3. rapid conversion of theory to hardware, and the inherent

simplicity of the laser encouraged development of z laser manufacturing
industry, whose marketing staff was quick to promote biomedical
application.

Acceptance of the innovation

1. as citea earlier, physicians accustomed to ausing optic technology
were early adopters,

2. typically, acceptance of the laser involved a close working
relation between a physicist and a biomedical specialist.

The theory of the laser was published in December, 1958, by physicists
working at Columbia University and at the Bell Telephone Laboratories. The
first hardware-functioning lasers had been developed by 1960.

A few months later (October, 1960) a physicist concerned with laser
development realized that the device might be of use to ophthalmologists
practicing retinal photocoagulation. After a succession of refusals, he did
succeed in interesting a researcher at New York University, who began pre-
liminary experiments. In all, and excluding much classified work, 23 publi-
cations concerning lasers appeared in 1960, not one of them biomedical.

In 1861, lasers came into the general news, when scientists suggested

that they might be used for interstellar and intergalactic communication.
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This idea greatly helped to publicize lasers.

Subsequently; during the same year, the first biomedical application -
retinal photocoagulation - was published, and technical publications increased
to more than ninety.

During 1962, an estimated 400 laboratories became engaged in (non-
biomedical) laser research, the Federal government spent an estimated
$20, 000, 000 on research and development, and scientists at the Massachusetts
Institute of Technology had succeeded in illuminating a 2 miles square patch
of moon-scape.

In the biomedical areas, 1962 saw several papers suggesting a variety
of possible applications, and a continuation of the original (photocoagulation)
work.

By 1963, non-secret military research and development projects
numbered 128, In April of that year a Symposium on optical masers was
convened for three days at the Brooklyn Polytechnic Institute. A single
biomedical paper was read; it dealt with laser-induced electrolytic changes in
blood and plasma, and suggested applications in neuro-surgery. Other
researchers during the year published on the effect- of lasers on skin, cancers,
tissue-cultures, single cells and cellular organelles, In all, some 20
institutions were conducting biomedical research on lasers, and manufacturers

reported the sale of some 40 laser-coagulation units,

bio-dynamics, 1inc.
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Bibliographic Analysis

Laser theory was first described in Physical Reviews, a journal

that probably has little readership amoeng biologists or physicians. The
announcement of the first working model, however, appeared in Nature,

an interdisciplinary British journal with wide distribution 'n the U. S,
Nevertheless, it is doubtful that this article evoked much "'resonance"
among biologists, or that it stimulated biologic "metaphorical thinking. "
Poss’bly more stimulating to a biomedically oriented intelligence may have

been the (terminal) paragraphs of an article in Scientific American, ('Optical

Masers') of June 1961, in which the physicist A. L. Schawlow discussed the
possibility of using laser-radiation to excite specific molecules in a molecular
mixture (in which the other molecules would remau. unaffected). Though

the author does not mention the biological implications of this laser-effect,
these would be im:ne iiately apparent to any biologict.

The first bona fide biomedical use of the laser - retinal "welding' or

photocoagulation - appeared in November 1961, in Science, an interdisciplinary
puklication with wide distribution among all life science disciplines. Shortly
thereafter, (January, 1962) an article on laser technology and applications also
appeared in Science, but contained little of biomedical interest.

An article, suggesting a wide variety of possible biologic applications

for lasers appeared in March, 1962, in the Biophysical Journal, a fairly
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recent publicatinn that probably is read fairly widely, at leas. in the larger
(or more active) biomedical research centers. In this article, a physicist
discussed the following possibilities for lasers: intense illumination for
microscopy and for tue high speed photomicrographic recording of rap:dly
moving objects (e. g. flagellae); microsurgical effects, and directed and limited
damage to cellular structures by laser'sthermal and/or ionizing effects
(e. g. "heating a particular part of a chromosome', or of a "'very short
section of nerve or muscle fiber'.); dermatologic and ocular surgery; ultra-
high-resolution spectroscopy (under certain conditions) ¢f subcellular struc-
tures; more effective interference microscopy (which woeuld suggest to a
biologist also more effective phase-contrast and polarizing microscopy).

In May, ihe Industrial Hygiene Review - biomedical publ cation with a somewhat

limited readership - published an article discus~ing the safety aspects of laser
technology.
In December, 1852, some possible bivrredical applications of lasers are

suggested 1n one paragraph of a general paper on lasers in the Journal of the

Franklin Institute of Philidelphia, a serial with some readership among biomedical

engineers and biophysicists
Laser-induced skin lesions were described in January, 1963 in
Life Sciences, volume I, number 1, a brand-new publication that may have

teen read more widely than similar journals just because of its newness,
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At the samne time a second paper on retinal applications aopeared in the

Archives of Ophthalmology, ciearly a "sectarian' publication. Two more

publications concerning the dermatologic effects of lasers appeared in March
of the same year, one in « nighly specialized biomedical publication (/.

Investigative Dermatology), the othe. in the interdisciplinary Nature.

In July, 1963, newspapers carried an =rticle describing preliminary
experimernts on cancers. Nearly simultaneously, there was another article -

primarily physical - on lasers in Scientific American.

A brief paragraph concerning laser eunergy appeared in August, 1963,

in the Medical Research Newsletter cf the Pasadena Foundation for Medical

Research, and at about the same time a specialty organization (Sawyer
Foundation) bagan amassing a laser-bibliography for the Stanford
Medical School. Finally, In October, there was a widely heraldec talk on the
cancer experiments given at the annual convention of the American Coliege
of Surgeons, which reached the public press,

The translation of physical and engineering developments into biomedically
useful information requires a certain amount of "'metaphorical' thinking
among both the biomedically and the non-biomedically t~ained, each in the
other's discipline. It also requires propinquity among these men of different
backgrounds. In this connection, it is interesting to note that the author who

first drew attention to many of the biomedical i'mplications of lasers is a
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physicist, but that in his article he acknowledges the help his "'metaphorical
thinking'' received from three well-known biologists, working at the same
university,

In general, interaction of disciplines may be most effective in a
University environment as is clearly illustrated aiso by the following quota-
tion from a letter written by William A. Baker, a physicist and o censultant
(on Lasers) to the McDounell Aiwrcraft Corporation: At St, Lcouie Universily,
where I teach Physics, Dr. Privitera and I have been planning to studv the
effects of low-power laser radiation ... on amoebae and other primitirse life
forms."

The first suggestion for using lasers in retinal photocoagulation was made
to the investigating ophthalmologist by a physicist, working for a firm
involved with the manufacture of lasers. The physicist knew (his uncle is an
ophthalmologist!) about photocoagulation tezhniques and, in a typical example
of "metaphorical thinking', contacted a number of ophthalmologisis,

Smilarly, it seems natural that dermatologists should have been involved
eérly, as they, too, use (UV, IR) radiation frequenty. Furthermore, manu-
facturers of such a powerful, radiating device as laser, might well be
expected to concern themselves witl: the device's bilologic and dermatologic

effects because of in-plant and general safety considerations.
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Finally, it may be of interest to note that, among the twenty teams
currently investigating biomedicai laser effects, all are vither conducted
by biologists with the assistance of laser technologists (physicists) frorm

the laser producing firms, or are undertaken at these firms directly.
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IV. COMMUNICATION OF GOVERNMENT RESEARCH

A, Introduction

"Transfer of informziion i3 an inseparable part of research and develop-

ment, All those concerned with research and development - individual

scientists and engineers, industrial and academic research establish-

ments, technical societies, government agencies - must accept

responsibility for the transfer of information in the same degree and

spirit that they accept responsibility for research and development itself."

With this charge, the President's Science Advisory Committee (4)
proceeded to develop its recommendations to the technical community for
improvements in the transfer of information. Although a large portion of
responsibility for information transfer must uvltimately reside with the
individual scientist, the communications framework within which he operates,
the inducements and impediments to communication, will influence the spirit
and effectiveness of his response., Government agencies can and should provide
the framework and inducements for better communication of research resuits.
Unfortunately there are many uncertainties regarding how to improve the
transfer of information and therefore the steps which government agencies
should take to most effectively disseminate information, particularly biomedical
information, are poorly uefined. Research is underway to attempt to elucidate

these factors, but only on a relatively small scale. Senator Hubert H. Humphrey,
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Chairman of the Subcommittee on Reorganization and International Organizations,
Committee on Government Opera- on, U. S, Senate, in March of 1962, reported
that although steps have been taken by the U. S. Public Health Service ''its
information policy, organization and procedures are hopelessly out-of-date
aad inadequate'' (62). Senator Humphrey went on to observe that the National
Institutes of Health were at that time spending only a fraction of one percent of
their research funds to finance research on how best to disseminate research
findings. It is implied that the need for further information on dissemination
procedures is self-evident and that Congress is sympathetic to the needs for
financing research in this area.

The objectives of Federal agency programs in information transfer are
to report and disseminate the results of research, new ideas, and innovatiorns
as widely and as rapidly as possible. However, with respect to innovatiors,
the dissemination of information does not insure adoption.

It is axiomatic in the innovation diffusion process that an individual
adopt a new idea as a result of his being "told of 1t"' in the right place, at
the right time and in the right way. It is incumbent upon the government -
the largest sponsor of innovations - to insure that all potential uszrs of its
ideas

1) are aware that the ideas exist

2) know how to get a description of them

3) are aided in retrieving the desirzd information.

bio-dynamics, inc.
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Ideally NASA would foster the use by lifc scientists of the ideas it has sponsored

by:

1) making all of its life science research quickly, easily and constantly
available to all life scientists.

2) informing life scientists ” of the kind of information it has in the
physical sciences and engineering, and insofar as possible, announcing
such information in terms meaningful to probable users in the life
sciences.

3) strongly encouraging the scientists it supperts to get their ideas out
into the community.

The following sections of this report review how NASA is currently
going about doing this, and how its procedures compare in nature with those
us2d by another mission-oriented agency (AEC) and a basic research-oriented
agency (ONR). The National Science Foundation has been most active in the
study of the problems of communicating the results of government-sponsored
(and other) research. One of its contributions to the scientific community
has been to publish, in a standard format, the information services of various
federal agencies. As of October, 1963, papers had been published by the
Foundation describing the information services of the follewing agencies:
Departments of Agriculture, Commerce, Interior, Treasury, and Air Force,
the FAA, Geovernment Printing Office, Office of Naval Research, TV A,
Veterans' Administration, FCC, the Smitiisonian Institution, and NSF itself,

#and those who support the life scientist: bio-mathematicians, etc., and the
medical equipment and material industry.
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B. National Aeronautics and Space Administration

The policies and procedures which NASA uses to disseminate its research

results and to disseminate other information of significance to NASA programs

are outlined in the following paragraphs. At this time NASA does not have a

published set of official policics and procedures defining the information gathering

and dissemination program, but such a manual is in preparation.

The current NASA information transfer program is operated according

to the following principles (63):

a.

Documents should be written for, and disseriination direcied to the
ultimate consumer of the information - the scientist, the engineer,
and the laboratory worker.

The value of information may depend on the timeliness of its transfer,
Therefore acquisition, processing, and dissemination must proceed
without delay nnce an item of information is discovered.

Integration of the NASA informatior transfer program with other pro-
grams will enhance the effectiveness of each system. The NASA Oifice
of Scientific and T'echnical Information (OSTI) works closely with the
Armed Services Technical Information Agency (ASTIA), AEC Division
of Technical Information, National Science Foundation, Department of
Health, Education and Welfare, Office of Technical Services (OTS) in

the Department of Commerce, Federal Aviation Agency, and a number
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of professicnal societies to insure prompt exchange of information.

d. Decentralization of storage and secondary dissemination sources provide
more rapid access to tne information by more users. NASA automatically
distributes documents to the OTS depository libraries and to universities,
colleges. public libraries, and domesiic organizations which agree either
to exchange information with NASA or to maintain depositories of NASA
publications for public use,

e. Technicali reports which are the primary records of NASA research
must be supplemented by secondary publications which review, collate,
resynthesize, 2nd integrate the mass of material in the primary records.
NASA fcrinal reports are prepared as the basic information source which

describe as fully as possible important NASA research results. Responsibility

tor preparation of these formal reports iies with the individual Research Cen-
ter and the Program Office. These reports are reviewed at several levels before
release to OSTI for printing and dissernination. NASA Technical Notes are
published to cover studies of more limited scope. Reports which will have
limited distribution, for security or other reasons, are published as NASA

Technical Memoranda. NASA also publishes a series of Technical Translations

covering information published in foreign languages which are judged useful

to NASA projects. A series of NASA contractor reports and a series of re-

prints of published articles (reporting NASA sponsored research results
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in scientific and professional journals) are planned. In the past only a
selected few centractor reports have been published as NASA formal reports.

INASA is also producing a number of Special Publications which include
prcceedings of certain conferences of symposia, state-of-the-art monographs,
handbooks, and special purpose reports. In general, these special publications
are prepared by organizations or individuals outside OSTI.

Formal NASA technical publications and abstract journals are anto-
matically distributed to NASA centers. coniraciers, sub-contractors and
grantees, other government agencies ana their contractors, depository libraries
at most universitics, a large number of public libraries, the 12 Federal
Regional Depository Libraries, and to other organizations which agreed to
exchange technical information with NASA or to maintain dei)ositories of NASA
publications for public reierence. Unclassified formal NASA publications are
also released to OTS for sale to the public,

Questionnaires proposed by the project staff were sent to twelve deposi-
tory libraries in early 1963 in an attempt to assess whet groups might be using
NASA disseminated information. Eight libraries returned completed question-
naires. Responses to questions are listed below.

1. Seven libraries did not announce newly received NASA documents. One

library circulated a monthly list of government publications received.
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2, Seven libraries reported that newly-arrived NASA reports were not
distributed to research or other groups for review. The other library
responded that although not automatically distributed for review, all
NASA documents were filed in the aeronautical section where they
were heavily circulated among faculty, research groups and students.

3. Five libraries reported that NASA documents were used primarily by
aeronautical engineers, one cited applied mathematics, and two libraries
reported that they could not estimate which disciplines made the most
use of NASA documents. Industrial firms and mechanical engineers
were mentioned after aeronautical engineers, as secondary groups in
frequency of use of NASA reports,

4, Only four of the libraries could report that they had received requests
for NASA documents trom medical or biological research groups,

The Director of OSTI recently summarized the duties of his organization
with the statement, ''Our job is to provide effective communication'. Thus
affirming that the collection of information and the making of this collection
available to those who want it is not sufficient to promote the effectiveness of
NASA litera’ure. NASA has contracted with the Library of Congress to abstract
the world aerospace medicine literature, These abstracts have been published

in the Journal of Aerospace Medicine. NASA has also contracted the American

Institute of Aeronzutics and Astronautics to provide an abstracting and announce-
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ment journal covering aerospace publications in both foreign and domestic
journals. Abstracts from the Library of Congress croup are now included

in this publication, International Aerospace Abstracts (IA4). Documentary

and technical report literature, both doemestic and foreign whether generated from

NASA's own program or not, are abstractea and announced in the semi-

monthly Scientific and Technical Aerospace Reports (STAR).  Together

TIAA and STAR provide comprehensive reference service covering the aerospace
field.

With respect to transfer of information by NASA grantees or contractors,
no official policy has been published. Reporting requirements are established
for individual contracts or grants, but official procedures and policies govern-
ing publication in the scientific literature or presentation at technical meetings
are not available., Since many contractor reports are not widely disseminated,
and since the results may not be summarized in formal NASA reports until
considerable time has elapsed, a system for reporting new technology has
been established. Contractors are required to continually review the results
of the work performed to icentify innovations ("'A means of accomplishing
a work objective either more effectively than before, or for the first time''),
Reportable items are to be promptly reported in writing, and every six months
a summary of the review activities is to be forwarded to the Contracting Office,

regardless of whether or not reportable items have been identified. After
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completion of the contract work the contractor must list all reportable
items or certify that there were no such items,

C. U. S. Atomic Energy Commission (AEC)

The AEC maintains a Division of Technical Information (DTI) which
is responsible for the development of technical information policy, and which
performs certain specialized information dissemination functions. In general,
the preparation and distribution of most technical reports is carried out or
a decentralized basis by AEC contractors. However, DTI continuously
reviews the foreign and domestic literature in the field of atomic energy, announces
sources of information, and abstracts and indexes such information. In addi-
tion, DTI prepares bibliographies; both comprehensive formal bibliographies,
and less formal ''literature search' bibliographies. AEC technical information
services are described in detail in TID-485 (4th rev) available from DTI
Extension in Oak Ridge.

AEC sponsored research results are disseminated through a) Technical
Reports, b) Technical Books, Reviews, and Conferences, c) Publication in
the open Scientific literature, and d) Abstracts and Bibliographies, The
technical reports issued by the AEC or its contractors may be: a) topical or
final reports, b) progress reports, or c) nuclear explosion effects reports.
The topical or final reports "contain accounts of completed investigations on

a specific subject. ' Progress reports ''summarize the results of work on

bio-dynamics, inc.

-



-71-
particular projects at periodic intervals'. (64) The nuclear explosion effects )
reports are of a special nature and need not be considered further in this
discussion. The policy governing the generation of these reports is:

All research and developrrenrt activities productive of significant informa-
tion shall be promptly and fully reported to the AEC,
Technical information resulting from research and development work
shall be reported in distributable cocuments for dissemination as the
AEC directs. (€4)
Technical reports are distributed by the issuing organizations to installations
having an interest in, or a requirement for, the information in the reports.
DTI Extensi.on in Oak Ridge receives sufficient copies of the reports to fill
specific requests and for distribution tc¢c other o~ganizations which have a need
for the information but are not listed in {Lc standard distribution list. Standard
distribution lists are prepared peviocdically by DTI and lists organizations which
will automatically receive reports in selected subject categoriss. The issuing
organization also indicates to DI Extension if the report would »¢ pertinent
to the work of other installaticas listed in the standard distr:...ion list under
a different category, Copies of unclassified AEC Technica® R -vorts are
supplied to deyository college, universiiy and public lib: 3:ies as well as other
government agencies and contracters. Depository libraries outside the United

States and official foreign agencies may also receive these reports, In addi-
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tion to abstract journals for classified reports the AEC providez the semi-

monthly Nuclear Sciences Abstracts and every three months the Research and

Development Abstracts of the AEC. Information from a wide variety of sources
are indexed and asbstracted in these journals.

The AEC contracts for preparation of Technical Progress Reviews which
"digest and evaluate significant developments in selected areas of nuclear
science and technology''. These reviews also serve as summary and reference
sources for the dissemination of information gained in both the clessified and
unclassified programs. Reviews are issued quarterly in each of five specific
technical areas. Dissemination of these reviews is automatic to official users
and may be obtained by others on an individual-issue or mnual-sut;scription
basis from the Superintendent of Documents, U. S, Government Printing
Office.

"The AEC and its contractors sponsor, support, or participate in
virtually all important meetings and conferences on atomic energy' (64)
Proceedings of these meetings sponsored by AEC, or in some cases even
when not spon:ored by AEC, are published and issued as Technical Reports.
DTI arranges for the translation and distribution of foreign language books
and proceedings, and AEC contractors generally procure translations of

shorter works relevant to specific AEC projects in individual laboratories.
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The AECVactively encourages publication by contractor and AEC personnel
of unclasgsified work in established scientific and technical journals. In addition,
AEC contractors may exchange information with other individuals or organizations

"It is the policy of the AEC to permit and encourage, to the maximum

extent practicable, the dissemination and exchange of unclassified

technical information among scientists and techricians of this and other
nations, The purpose is to provide that free interchange of ideas and
criti.cisrn which is essential to peaceful scientific and industrial pro-
gress of mankind and to enlarge the fund of technical information. "(64)

Copies of Exchange material received by contractors should be sent to
DTI Extension for possible refer~cing and abstracting. Copies of papers
submitted by AEC contractors to technical journals cr intended for presecntation
at technical meetings should also be sent to DTI Extension for general
dissemination, referencing, and abstracting. In general, zll reports which
do not appear as journal publications or oral reports (to be published in
proceedings) are given standard distribution, this includes internal or
informal reports by the contractor. The originating organization must justify

any recommendations for distribution limitations.
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D. Office of Naval R:search

"Full disclosure of information obtained under research programs

supported by ONR is a requirement in all contracts. It is the respon-

sibility of every Scientific Officer to ensure that these reports are
made available to those who need the information and have the proper

security ciearance. ' (65)

Reports from ONR supported investigators are intended primarily to
keep ONR advised concerning progress and results of the research project.
In addition, project reports may be used to communicate information to
other scientists who need such information more rapidly and in great detail
than might take place through conventional scientific communication channels.
However, ''the general policy of ONR is for the interchange of scientific
information to take place in. established channels. Furthermore, it is the policy
of ONR to strengthen these channels when desirable. " "Since payments under
ONR contracts are contingent upon compliance with the report requirements,
timely submission of 1epnrts is advised. ' (65) There is modera.e flexibility
in the type and frequency of reports required. thus allowing the ONR Scientific
Officer to tailor report reciuirements to the individual contract need.

Contractors prepare technical reports when specific phases of the pro-
ject are completed or when research results of sufiicient importance to

justify wide dissemination are obtained. These reports are not issued at
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fixed intervals, "bur each is expected to be scientifically complete''. ONR
will accept reprints of published articles as technical reports if they meet the
above criteria. An annual summary report is required if no technical report
is issued during a contract year. At the completion of each contract task
a final report will be issued summarizing all work accomplished and referencing
technical reports for any details previously reported. The final report also
includes an index of all technical reports and publications issued under the
contract.

For each report the investigator follows an “'authorized distribution
list" which may not be changed without the approval of the Scientific Officer
However, the Scientific Officer has the freedom to make up a special dis-
tribution list for a report when he feels it is advisable. It is the responsibility
of the investigator to make the initial distribution of his reports. In practice,
manuscripts which may ultimately be designated as unclassified technical
reports may be distributed to anyone in the scientific community that the
investigator feels should receive such information. This dissemination,
prior to approval of the technical report, is considered to be advanced infor-
mation and not an official report.

The Defense Documentation Center is always included in the authorized
distribution list. Immediately upon receiving the report DDC distributes

the report through ASTIA to DoD agencies. Unclassified reports cataloged
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and abstracted in the ASTIA Technical Abstracts Bulletin (TAB) are released
to OTS for announcement in "U. S. Government Research Reports' and sale
to the public.

Additional information dissemination is encouraged in several ways.
When a research program is first initiated, a work statement of the research
to be performed is transmitted by ONR to ihe Scientific Information Exchange.
In addition, "it is the policy of ONR to encourage scientists working under
ONR contracts to present the results of their mvestigations at scientific
meetings" (65.) No prior approval is necessary for expenditure of contract
funds to cover'expenses for attending domestic scientific meetings at which
sukjects relating to the research contract are presented. In general, each
investigator has in his contract funds provisions for attending at least regional
society meetings in his specialty. Travel to meetings outside the U. S. is
permitted on contract funds, but prior ONR approval is requi: ed for such
expenses. Presentation of papers at domestic meetings does not require
prior approval, although copies of the atstract of the talk should be for-
warded to the Scientific Officer and Contract Administrator. ONR supported
investigators are encouraged to publish in the scientific literature. Esiablished
page charges assessed by scientific or technical journals are an allowable
contract cost. No prier approval for unclassified publications are required,

but "'at the time an unciassified manuscript is sent to the editor, the author
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should forward a copy to the cognizant Scientific Officer for information and
review. ' However, security and policy review is required before submission

of a manuscript to a foreign journal

E. Inter-Agency Comparisons

In regards to contractor or grantee activities, leading to the publication
of government sponsored research results in the scientific literature, presenta-
tion at scientific meetings, or exchange between scientists or organizations,
both ONR and AEC have a positive policy of encouragement while NASA has no
published policy. With respect to technical reports, both AEC and ONR require
contractors to submit their research results in a form suitable for distribution
as a technical report. Primary dissemination of such repcits 1s mrade by the
contractor. However, under NASA procedures only a limited number of
contractor reports arc released as technical reports, and then often only after
a modest delay for review.

In general, scientists are highly motivated to have their vork pub-
lished in scientific journals. Although number of publications is rot a
reliable index of scientific accomplishment or competence, it is commonly
used for such purposes. I* is therefore anticipated that much of the NASA
supported research which is not now appearing in print will eventually

be submitted for publication.
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A survey was undertaken to determine the comparative numbers of
recently published articles in selected life science or interdisciplinary jour-
nals which describe results of NASA or military service sponsored research,

Journals reviewed were the Journal of Applied Physiology, Journal of

Neurophysiology, Journa! of Physiology (London), Buman Factors, and

Science . Results of the survey appear in Table 3. With the exception ot
Science, articles appearing in these journals infrequently cite NASA support.
However, in conducting the review a number of articles originating in major
aerospace contractor firms were noted which did not acknowledge NASA
support. In addition, much of the Air Force supooric research was also of
direct concern to the NASA program. The Science survey is encouraging
since there is an accelerating trend in the percentage represenied by NASA
supported publications (an increase from 0.3 to 1. 7% over four successive
six months' periods). Articles appearing in the other journals generally
represent work completed up to & year or more previously while Science
has a publication delay only a few months. These data are consistent with
the hypothesis that it takes several years after the award of a research con-
tract or grant before the work is przpared for publication - early publi-
cation of results may appear in Science many mcnths before more extensive
reports appear in the technical literature. The growth history of NASA

grants and contracts in the life sciences suggests that the present rapid
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TABLE 3
Tortal No. Alr

Journal and Period of articles NASA Army Force Navy
J. Appl. Physiol.

Jan~June 1961 135 0 11 13 11

July-Dec. 1561 127 0 11 8 4

Jan,-June 1962 136 : 8 16 9

July-Dec. 1962 99 0 6 9 9

Jan~June 1963 136 1 7 10 5

July-Sept. 1963= 81 1 5 8 4
J. Physiol. (London)

vols, 155-167> 448 0 4 17 7
J. Neurophysiol.

1960 53 0 1 3 1

1961 18 0 0 0 2

1962 50 0 4 4 3

1963=* 61 0 1 9 N
Science

Jan-June 1962 290 1 8 3 7

July-Dec. 1962 326 2 12 7 15

Jan-June 1963 498 4 9 5 17

July-Dec.1963%* 518 9 20 8 17
Human Factors

1961 25 1 1 2 10

1962 37 0 3 4 13

1963% 28 0 1 7 3
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increase in the number of Science type early reports will soon be followed
by an ccceleration of reports in life science specialty journals. If this pre-
diction proves true, communicaticn of space technology innovations to life
scientists will be greatly improved. If an increase in the number of NASA
supported publications is not observed in specialized life science journals,
additional encouragement for such, through official policies, may be needed.

F. School of Aerospace Medicine Documents

While the formal journal literature in the life sciences has been growing
in recent years, an even more rapid proliferation has been seen in the
"technical reports' area. [n the course of our study one recommendation
which was repeatedly made by life scientists who were interviewed was that
NASA establish aseries of reports dealing strictly with bio-medicine (most
interviewees were not NASA supported and were not aware of the relatively
few biomedical reports issued by NASA to date). In order to estimate the
possible usefulness of such a series, which might be distributed to any
interested life scientist free of charge, an investigation was undertaken
of the system presently used by the Air Force School of Aerospace Medicine.
1. Dissemination Procedures

The USAF School of Aerospace Medicine (SAM) Technical Documentary
Reports are sent automatically to qualified requestors who are on the SAM

mailing list. Individuals or organizations may become subscribers by com-
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pleting a form (giving name and address and checking off which of 19 fields
are of interest to the requestor). Most individuals and organizations are
regarded as "'qualified requestors'. In addition, qualified requestors may send
for specific SAM reports. Approximately 100 personal requests for documents
are processed each month by SAM Publications Branch. The current mailing
list for automatic distribution of SAM documents has increzsed to about 6000
names from 800 names in 18956. The New England area list contains approxi-
mately 200 names, of which about 75 appear to be non-military and non-
missile industry requestors. In addition, SAM documents are automatically
distributed to ASTIA, OTS, and are announced in the 7J. S. Government
technical abstract bulletins.
2. Questionnaires

Since the SAM documents and their dissemination procedures represent
a distinct form for the communication of aerospace research results to non-
aerospace related life scientists, it was cecided that the effectiveness of this
method should be evaluated. Since it was impractical to survey all requestors,
and since the use of these documents by the military or missile industry was
not of concern to this study, only the 75 New England non-aerospace or military
requestors were selected for the survey. It is recognized that this sample
represents a geographically biased group, but the advantages of ease of

follow-up appeared to justify this expediency.
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A questionnaire was developed which would provide information concerning:
a) how the recipients first leained of the SAM documents, b) whether they
initially requested documents which they thought would relate to their own
work, c) what documents, if any, have aided the requestor's research or prac-
tice, d) what documents, if any, have been cited by the requestor in a biblio-
graphy, and e) any general comments or suggestions regarding the SAM docu-
ment form of communication.
3. Results

Of the 75 juestionnaires sent out, 43 were returned (57%). Answers to

the specific questions are listed below.

Question

1. How were you first madc aware of the existence of SAM articles?
Associate . Refeience , Other (please explain)

Answers
14 responses listed associate

8 responses listed reference
1 response listed both reference and associatc
20 responses listed other sources; 5 worked at SAM, 5 listed reprints or
sample copies, 4 cited meetings or conferences, 4 citec courses at SAM

2 stated that they could not recall.

1 responder left this question blank.
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Question

2. Did you initially believe that SAM research would relate to your work?
Yes No , Please explain

Answers
40 responded yes.
3 responded no.

Explanations were given by 11 of those surveyed (zll but one of whom had
answered yes to the first part). Explanations were:

Associate a1 EAM knew that work was of interest to me.
Generally related to own work
Interested in human factors and human engineering

1" !

' pathology
" " periodontal research
" psychiatry in aviation medicine
" psychophysiology
" " radiological effects
Work at SAM was unknown before
Believed useful for teaching
Personnally interested (answered No to first part)
Question
3. Can you cite specific SAM papers wfmich have aided your research or

practice activities?
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Complete, specific references:

SAM-TDR - 60-77
SAM-TDR - 61-31
SAM-TDR - 62-79
SAM-TDR - 62-95
SAM-TDR - 63-63
SAM-TDR - 63-53

Shannon and Prigmore
Prigmore and Shannon
Shannon and Herter
Sharnon and Isbell

Ulvedal, et al.
Ulvedal, et al.

Fife - Importance of stomach and other extrathyroidal, ex*rarenal avenues
of iodine loss during thyroid uptake tests.

SAM-TDR - 60-57
SAM-TDR - 62-29
SAM-TDR - 62-39

- 62-46

The effects from massive dosec of high dose rate
gamma radiation on mondeys

A survey of C'p'd's for radiation protection

Radiobiologic experiments in discoverer satellites
XVII

Instrument for measuring tooth mobility
Telemetry devices for dental research, Aug. 19, 1963

SAM-TDR - 63-27
SAM-TDR - 55- 1
SAM-TDR - 58-147
SAM-TDR - 59- 4
SAM-TDR - 59-11
SAM-TDR - 59-12
SAM-TDR - 5-58
SAM-TDR - 56-133

SAM-TDR - 57-52

Psychiatric aspects of simulator

Psychiatric aspects of simulator
1

" [ "
" 1 " 11
T 11 1" (3]

1 1 " "

sensory deprivation

Expectation of food reward as the reinforcing agent
in a learning situation

Probability «nc statistics in item analysis and
classification problems

bio-dynainics, inc.
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The First Internaticnal Symposium on Cardiology in Aviation
Ware, F., Effects of Co-deficiency and excess in frog heart, Aug. 1962
2. References identified by author or title:
Shannon's work in general was cited by five respondents
Welch's work on closed ecosystems
Hodges' work on discriminatory analysis
Gerathewohl's work on effects of weightless state
Cibis' work on toxic effects on retina
I.ectures in Aerospace Medicine
Papers on stress in oral surgery
Papers on salivary gland physiology
Evalaation of Beles categories in space flight simulator
Biological systems of discoverer satellites XXIX and XXX
Annual reports of Space Medicine meetings
3. SAM's research areas cited as being useful:

Vertigo

Pulmonary studies

Allergic phenomena

CO in clcccd environments

Catechol: mine measurement

Hypothermia

Earth's ¢nvironmental conditions

Epitome of space medicine

Simulated Martian environment

Space biology
Stannous fluoride studies

bio-dynamics, inc.
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Air bearing high speed endpiece

Psychology in general

Human facters

Human engineering

Endocrine reaction to stress

Drug effects on performance

Stress in dental patients

Chemical correlation and systemic status in periodonal disease
Surface contour changes after tooth extraction

Instrument for measuring horizont~l tooth mobility
Development of telemetry device for dental research
Relatioaship of sulfate to initiation and rate of formatior of bone
Measurement techniques (dental)

Dental Research

Ona respondent felt that his use of SAM documents was too extensive for
listing, several stated that the reports they listed represented ''just a few' of

those which aided their research.

Question
4.  Would you please list SAM reviews that you have used in a bibliography
Answers

31 have not used any reviews in their bibliographies

12 have used reviews in their bibliographies

The following SAM reviews were identified:

SAM-TDR - 61i-45, April, 1961, Prolonged hypothermia
SAM-TDR - 63-34, Task No. 775 801

SAM-TDR - 63-33, Task No. 583-002

SAM-TDR - 62-87, Task No. 27608

bio-dynamics, inc.
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SAM-TDR - 61-106 Dental Caries and Systemic Status
SAM-TDR - 62-29 A Survey of Compounds for Radiation Protectic
SAM-TDR - 60-57 Effects from Massive Doses of High Rate Gamuma

Radiation on Monkeys

Wheaton, J.L. - Sensory Deprivatior. Studies - Fact and Fancy
following reviews were identified in a somewhat vague manner:

Study in which cold rats pressed a bar to turn on heat lamp for a brief
period.

Fine structural changes in endocrine tissues during stress,

Plans are to use in a book on transfer,

Reviews used in bibliography are too numerous to list.

Used 15 SAM reports, but no SAM reviews.

Mostly lectures in Aerospace Medicine.

Two respondents indicated that they use SAM literature for teaching

purposes. Their response. are quoted below:

"Salivary Gland Diseases (non-published) - a teaching file of slides and
reports,’
""Material has been used for teaching purposes. "

Several respondents stated that while they had often made references to SAM

reports, none of these were reviews,

Comments

Eight of the returned questionnaires included general comments on the

SAM documents. These comments are quoted below:

1.

2,

"Find publication interesting and hope to continue to receive them. "

"I use the SAM reports mostly as a way of maintaining some awareness

bio-dynamics, inc.
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of developments in {'~1lds somewhat different in emphasis {rom that which
is my primary interesu. "

"The quality of SAM papers are very good. I'd endorse their work highly*
"My main reason for continued interest in SAM activities is to continue my
contact with aviation medicine, particularly us it applies to my present
specialty of psychiatry."

"It is my impression that a more detailed card than is now used to

greatly interests me and material most distant fcom the area which I
indicated on the yearly postcard. "

"I am kept informed about many things I need to know about - its a good
service. "

"It is my opinion that tie SAM reports are of extreme value 1n the Federal
Government - Civilian shaiing of research information. "

"I appreciate receiving these issues and although several do not have
direct pertinence to my work and rescarch taey orovide good opportunity

to evaluate related fields. "

G. Communication of Research Results by NASA Grantees

At present the principle channels, other than TeclLnical Reports, for the

communication of research results from NASA sponsored stuiies at univer-

sities, institutions, or industrial laboratories are those adopted by the

individual investigators. Information transfer through publication in the

technical literature or personal contacts between scientists, is dependent +n

tae individual grantee or contractor for implementation. Consequently, a

knowledge of the communications habits of those grantees working in areas

bic-dynamics, inc.
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likely to have findings or innovations transferable into non-space related
life sciences would be of value to this study.

A questionnaire was developed and sent to the principle investigators
listed for 58 NASA research grants. Questionnaire recipients were selected
on the basis of work statements which appeared to have possibie transfer value
into non-space related life sciences. Responses were received covering
36 (62 percent) of the research grants, although three of the responders
returned blank questiornzires. * Thus information regarding communications
habits of the investigators for 33 NASA research grants was obtained. These
research grants had been in effect for varying periods of time, ranging
from completion more than a year agc to initiation only four months prior
to receiving the questionnaire. Questions and responses are listed in detail
in Appendix A, and briefly summarized in the following paragraphs.

Large individual differences in amount and type of communications were
noted among the questionnaire respondents. For example, 27 of the 33 who
completed questionnaires indicated that their research results have been

presented at one or more domestic or foreign scientific meetings or specialized

* Explanations for not answering the questionnaire were:
a) No aerospace research scientists are utilized on our work for NASA (return
from a large research firm).

b) not involved in biomedical research (return from a university space bio-science

unit)
c) recently began program so naturally have no publications or reports (return
from a university professor)
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conferences or symposia. One investigator reported that his research results
had been presented at 29 such meetings per year, while the mean and median
values for all respondents were 3.3 and 1. 6 meetings per year respectively.
Only one of those respondents whose research results had not been presented

at any meetings cited inadequate NASA funding for such attendance. Most
responderts reported that NASA financial arrangements were adequate for
attending meetings, but inadequate for foreign meetings. Reports of number of
meetings attended, domestic or foreign, were not highly related to the reports
of adequacy of financial arrangements for attendance at such meetings.

Six of the respondents indicated that their NASA spounsored resea. ch results
have appeared in books, and two more indicated that manuscripts are currently
in preparation. Nine respondents have had their work reported in commercial
publications (newspaper, general magazines, etc.). Twenty respondents have
published in scientiric journals, or report articles in preparation or accepted
for publication. Those respondents whose NASA sponsored research findings
have been published generally report numerous requests for reprints, both
from individuals working in their own discipline and in other disciplines,
Publications cited by respondents totaled 7 in 1861, 12 1n 1962, 18 in 1963

(up to November 1963), and an additional 17 in press or submitted for publication.
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Those who returned the questionnaires generally discuss their work with
from 2 to 30 colleagues per week (median of 5), and spend from 0. 25 to 40
h:urs per week in such discussion (median of 3 hours per veek.) These dis-
cussions were generally regarded as a valuable source of new inlormation,
although several respondees indicated thu: their colleagues do not supply any
new information. Those scientists who do not obtain new information from their
colleagues spend approximately the same amount of time in such discussions
as those who do receive information. Number of NASA supported publications
by these scientists did not appear to be dependent on communications with
colleagues, visits to other institutions, or quality of available library

facilities.
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V. TRANSFER OF AEROSPACE TECHNOLOGY INTO
THE LIFE SCIENCES

A. Representative Recent Technological Innovations in Biomedicine

Before censidering the manrer in which the space program has affected
biomedicine, and the contributions which are anticipated, we shall review some
trends in biomedical innovation. The innovations which have aided the advance
of diagnostic and curative medicine in the past two decades have drawn heavily
from the physical sciences and engineering. As Dr. Orr Reynolds has put
it, "There has been no large industrial segment developed as a component of
biological sciences as there has been in physics and chemistry. The state,
therefore, of self generated technology for biology is low. " (66)

1., Cardiopulmonary - Renal Physiology

Procedures for circulating blood outside the body, and the development of
associated linear flow, pulsatile flow, and disk and bubble oxygenators, have
come into extensive use for cardiac and neurosurgery and in the experimental
laboratory.

The fluoroscopic amplifier has made possible contrast cinefluoroscopy,
simultaneous viewing of radiographic investigations in progress by several
observers, and decreased radiation dosage to patients and operators. Associated
with this development has been the increasing use of rapid changers for sensi-

tive radiographic film, for use in angiography (radiography of the heart).

bio-dynamics, inc.
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The development of water-soluble angiographic media has been of great
assistance in increasing the safety of these procedures,

The recent development of ultraminiature solid state circuits for telemetry,
associated with an accelerated development in the field of physiological trans-
ducers, has produced encouraging results in applied physiological measurement
in the field and laboratory.

A significant development in the analysis of electrocardiographic potentials
has been the increasing use of vectorcardiographic methuas along with
continuing work on penetrating theoretical analysis of bioelectric field
phenomena.

Thermal and isotope-dilution methods for the measurement of blood volume,
and continuous recording techniques have made it possible to follow, clinically
and in the laboratory, a variety of circulatory states (failure, shock), and
their amelioration by therapeutic maneuvers.

Theoreticgl advances have been made 1n recent years, including some
discussions of the Lapalace phenomenon with regard to the size of cardiac
chambers, and the preliminary analysis of the function of the peripheral arterial
system by means of analogue computer simulation. Recently, an analysis of

the origin of cardiac sounds and murmurs, based on the Aeolean harp phenomenon

(the vibration of strings as air flows by them) has been attempted with considerable

success.

bio-dynamics, inc,
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Cardiac catherization, although not new, has shown continuing development,
and newer transducers have increased its effectiveness.

Open-heart surgery has progressed and the more complex valvuloplastices
are now replacing the older valvulotomies in the treatment of valvular heart
disease. The valves used are far from perfect, the major problem being intra-
valvular clotting and dissemination of emboli. |

Phonocardiography h.as developed rapidly, and harmonic analysis of
acousticardiac phenomena will undoubtedly prove helpful in diagnosis when
its implications are fully understood.

An extremely significant development, supplementing the older develop-
ments of pacemakers, both implanted and external, 1s the increasing use of
the precise placement of countershock during specific phases of the cardiac
cycle. This has been shown to be effective in the reversion of atrial fibrillation
(zompletely random rhythm in which the ventricular beat is linked loosely to
a rapid atrial beat, and in which the atria do not contract effectively) to normal
sinus rhythm, preventing the formation of and the dissemination of emboli from
the feebly contracting atria.

Cardiac transplantation, both of muscle tissue and mechanical pumping
mechanisms has prcved feasible in the laboratory. and in a very few clinical
cases. The major problem encountered to date has been that of clotting within

the apparatus, and this will probably be solved by the development of the requisite

bio-dynamics, inc.




e — e
_r‘ﬂ

PTG

e

™

e

-94-
lining materials and junciion techniques, associated with more knowledge about
the nature of the clotting mechanisms.

2. Resniratory Physiology Developments

Progress has be>n made in the analysis of the work of breathing, and its
deficits in the injured or in patients with various degenerative diseasec. The
develonment of technicues for the analysis of respiration by the prerature
newborn is of the greatzst significance in this respect.

Whole body plethysmogravhy, continuous reading blood gas and blood
pH apparatus, and single breath respiratory gas analysis equipment have
made possible rapid determinations of respiratory parameters.

Angiography and plastic casts of the tracheobronchial tree and pulmonary
circulatory system have broadened understanding of pulmonary physiology,
and the evaluation of the effects of injury a.nd surgery.

3. Hematology, Genetics, Metabolism,

Methods for recording red cell mass with radioisotopes, and of studying
the decay of red cell structure have progressed apace, as has the develop-
ment of rapid shunting techniques for clinical measurements.

A significant development in the cytological field has been the development
of techniques for cytolugical genetic analysis which has delineated certain
specific syndromes, and has provided some insight into mechanisms (Mongolism,

Turner's syndromes, etc.)

bio-dynamics, inc.
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The study of autoimmune mechanisms and their contribution to blood
disease, and organ transplantation has produced some of the most significant
medical advances in the last decade.

The study of the nature of DNA replication, and the possibility of intro-
ducing altered DNA into mammalian cells provides promise of major
developments in the manipu'lation of the genetic material. This, associated
with the development of technijues for the analysis of the genetic ''code'’, and
the careful delineation cf known '""molecular' diseases and metabolic disorders
is the most active field in medicine today.

Improvement in analytical instruments and techniques introduced within
the past few years have been essential to the progress in research and cli. ical
practice in these areas.

a. Gas chromatogranhy - for the analysis of small amounts of mixed
materials, particulariv steroids in recent years.

b. Counter-current distritution techniques - generally useful for the
extraction of small fractions,

c. Diffusion immunoelectrophoresis - useful in assessing changes in
protein structure with therapy and development, and for screening of individual
differences.

d. Thin paper chromatography in two limensions, coupled with radio-

isotopic analysis or mass spectrometry, has provided a potent analytic tool

bio-dynamics, inc.
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for the study of mixtures of biological materials.

e. Recent developments relating to the theoretical aspects of phase
calculations in X-ray spectrometry has led to more grecise analysis of
hemoglobin structures.

f. Analysis of infra-red, ultraviolet, and Raman spectra have been
successfully used evaluating the nature of biologi~al materials.

4. Neurology, Ophthalmology, Anesthesiology

Probably the most significant development in neurosurgery has been the
continuing work of establishing stereotaxic coordinates in man, and the use
of these coordinates in refinin_ "stereoencephalotomy' techniques. In addit.or
routine tzchniques for the use of implanted electrodes in stimulation and record-
ing have been successfully adapted irom the laboratory to the operating room.

New surgical-related techniques have been developed to exploit the
possibilities of producing in the brain (a) circumscribed lesions without the
damage of intervening structures which must of necessity result from electrode
or kuife lesions; (b) reversible lesions by cold, drugs, and high temperature
techniques; (c) new approaches to the closing of aneurysms,

Ophthalmic surgery has increasingly utilized photocoagulation techniques.
The use of laser beams is producing major advances in retinal coagulation
technique<, althouvgh oth~_ applications of the laser in microsurgery are

equally promising.

bio-dynamics, inc.
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Harmonic analysis of electroencepnhalographic phenomeron is now an
accomplished fact, although its results have yet to produce important benefits
in the fields of clinical and laboratory medicine.

Newer diagnostic technigues applied to neurosurgery include rapid
angilographic techniques, and the use of radioactive arsenic perfusions of
tumors to permit localization through measurement of emitted radiation.

Many new psychotropic drugs have been recently introduced. The speed
up in evaluating the effects of new drugs on experimental animals is due. in
part, to the use of operational techniques, and to the adaptation of digital
computer systems for use in behavioral science studies,

5. Infectious Disease Developments

The most significant advance in receciit years has been the production of
a great variety of synthetic penicillins and ineir clinical evaluation. Some of
these have proven to be eifective and safe not only against resistant staphylc-
cocci, but against gram-negative organisms as well.

Viral d.agnosis has become more usual, as tissue culture techniques,
previously restricted to the laboratory, have been adapted fo. the clinical
evaluation of acute infectious diseases.

6. General Surgery Deveiopments

Very recently, total limb resuture has become a possibility. Reports

indicate that some degree of return of function has been observed. New techniques

bio-dvniamics, inc.
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for gastric surgery continue tc appear, intragestric freezing being a recent
promising innovation.

Dramatic developments have occurred in organ transplantation, neuro-

and cardiac surgery, as has been mentioned previously.

B. Trends in Resources Available for Medical Engineering Innovations

These innovations have been made possible, in large measure by the
availability during the last decade of significant increases in funds for both
research and clinical medicine, and by the availability of increasing numbers
of physical scientists and engineers and technician-level personnel.

According to the Department of Health, Education and Welfare, total
public funds for health (as well as for education and weifare! more than
doubled in the decade ending 1962, and the per capita increase in health
expenditures rose by 60% (66a). Public appropriations for health have risen
at least as fast, proportionately, as the national research and development
budget (67) and in 1962, amounted to approximately $300 million. (68)

In addition to funds made available by the Department of Health, Educa-
tion and Welfare for research and development in support of medicine, funds
for care of patients have risen markedly in the past decade. Considering
only those expenditures for health made in connection with hospitalization,

cost per patient-day rose from 39. 14 in 1952 to $19. 73 in 1962, The greatest

bio-dynamics, inc.
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part of this increase went to increase in payroll of hospital staff (which rose
from roughly 1.1 million employees to 1. 8 million). Payroli costs per patient-
day were $5.63 in 1952 and $13. 12 in 1862.(69 It is not possible to identify
how much of this added cost of payro:il and non-payroll items resulted from
introduction and wider use of innovations.

The great increase in the national budget for medical research, of course,
also retlects the growing number of personnel engrged in this work. The
Department of Health, Education and Welfare measured an increase over 100%
in numbe: of medical researchers in the six years ending in 1960. The 1960

breakdown was

Clinical specialties 10, 305
Dentistry 610
Biosciences 17,160
Physical Sciences,
Math. and Engineering 7,045
Social and Behavioral

Sciences 3,255

There have always been physicians interested in the physical sciences
and many of medicine's most sigunificant innovations have resulted from a
physician‘s "acting like" aa engineer - the development of electrocardiography
by Woller in the nineteenth century and electroencephalograpny in 1923 by
Berge: are two classic enamples.

As has been 7 ‘equently noted in this report, a highly significant

development in medicin> in the past decade has been the growing ccllaboration

biv-dynamics, inc.
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between scientists of different disciplines on a single project.

One dramatic case of the service of the physical sciences to medicine is
in the use of electronic computars. Their application to medicine has been
described in numerous reviews but their essential usefuiness is perhaps best
summarized by Dr. Frank Ervin, "A major characteristic of biological systems
is the ‘nteraction of multiple non-linear probabilistic processes Imaginative
experimentation, which has unraveled many of these, demonstrates that no
amount of instrumentation will replace the creative scientist. On the other
hand, the avai’-_ility of data processing techniques makes it possible for the
first time to investigate such processes directly. It is particularly in this
field tha* biomedical sciences have an exciting challenge - and little experience, "
(70)

The marriage of engineering and medicine - in which NASA is to have so
important a role - is reflected in the establishment of formal curricula for
degrees in mecical-engineering at Drexel n:titute, University of Rochester,
Case Institute, and other universities. Informal liaison between schools of
engineering and medical centers is becoming comrmonplace, and agreements for
cooperative :sesearch and development between hospitals and engineering con-
cerns are numerous (71).

To be fully effective this permanent collaboration between engineering

and medicine must offer both competences the oppcrtunity for prestige and

bio-dynamics, inc.
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professional expression. Historically, the physical scientist or engineer
has been the technical assistant to the physician, and the desire of many
elemrents of the medical professior to maintain this relationship has been
expressed by a writer in the Lancet:

"In this marriage of two disciplines, the partners, medicine and elec-
tronics, are so well balanced that the question will soon arise as to whom should
be given the direction of new developments. The engineers have undoubtedly
stimulated the traditionally conservative doctor, but if human beings are to
be looked on as more than mechanical tools (inefficient ones, perhaps) final
control must rest in the hands of the doctor" (72).

Resolution of the ''conflict' between the historical attitude of the physician
toward the "instrument maker", and the present -day need for fuller partici-
pation of the engineer in medicine, may have to await the development of a
new generation <l Jdoctors who are sensitive to the engineering way of looking
at a problem. Dr. M. C. Brown of NIH, surveying the effort of electronics
technology upon medical education of tomorrow, observes that although,

"the little hlack box (electron:ics) is only one part of the armamentorium

of medical research today, " it is directly affecting the criteria for selccting
the next generation of medical students, their method of medical education,
and their school facilities.

While the primary intent of this review of trends has been to identify the

effect of the newer technologies upon medicine, the past decade has seen the

great growth of the contribution made by the life sciences to engineering. In

bio-dyn-.mics, inc.
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contrast to th2 older attitude that medicine's service to engineering consisted
largely of identifying design hazards to heaith, today the work of neurophysio-
logists is providing objectives and guidelines for development of advanced
self-adaptive computer systems modeled after the brain. More prosaic inte-
gration of the life sciences in engineering projects is represented in the paper
by J. R. Pierce describing the important role played by the experimental
psychologist (working with specialists in upper atmosphere physics, celestial
mechanisms, computer application, etc.) in the succes ;fui design of the

Telstar system (74).

C. Utilization of Space Science an. 7echnology in Biomedicine
1.  Introduction

The existence of the space program is affec'i:._, unedicine and its sup-
porting sciences in two general ways. The first is the development of informa-
tion and hardware by biomedical specialties concerned with life in space
which will further our understanding and control of life processes. The second
influence of the space program is the work of its physical scientists and
engineers who, in solving problems of instrumentation, materials, data pro-
cessing, etc., are developing tools which can be borrowed by the life scientist.

We do not suggest that these ''fallout’’ products of space activities can by

themselves justify the expenditures of national resources which achievement

bio-dynamics, inc.
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of space goals der-and. Nor do we suggest that the current study has pro-
vided data to permit a valid economic ''evaluation' of the space program in
terms of its contribution to human health. It can be argued that some or
many o: the innovations which will oe described would have come into being
without the aid of the space program, this is an objection which cannot be
answered categorically. We can simply state that virtually all of the "cases"
we have selected for inclusions in this report mcet the criterion of having
been caused by or significantly accelerated by the space program.

It should be pointed out that most of the advances to be cited are of the
type that would not normally come to public attention. The public is
accustomed to gauging medical progress in terms of improvements in cure
or disease elimination. It is in the nature of the space program that cura.ive
medicine has a relatively small role. The philosophy is to select as candi-
dates for space flight individuals who are "abnormally' resistant to the health
threats of a hazardous occupation, and to design their task and their environ-
ment in such a way as to prevent the occurrence of disability. Although know-
ledge, mnstruments, and techniques developed in the space program may advance
curative medicine, such applications will be secondary to the reasons for

which they were developed.

Our analysis indicates that biologists, psychologists, and physcians engaged

in space industries, together with their collaborators in the physical sciences and

bio-dynamics, inc.
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engineering, are making significant contributions to non-space life sciences in the
following areas:

1. Study of the effects ¢f the environment upon human health and performance
and developing means of protection.

2. TIistablishment of ways of describing and measuring ''normal health",

w

Investigation of the origins of life, and basic physiological mechanisms.

4. Development of improved tools for observing, recording and analyzing
physiological processes and factors influencing them.

2. Study of the Effects of Environment upon Human Health and Performance
and Developing Means ot Protection,

Man must carry with him into space an environment which will enable him
to survive and to perform his mission. He must also be equippped with means
of protection against certain threats which are peculiar to space. Thus, 1in the
manned space program life scientists have had to re-examine the fundamental
question of man's re:ationship to his environment. Physical scientists aad
engineers have had to develop new tools to make this study possible, as well as
designing the life support and protection hardware which the physiologisis, physi-
cians, and psychologists believe to be needed.

It is impossible at this thime to state with precision how mud of the know-
ledge being developed will ultimately be applied to terrestrial problems of air
and weater pollution, care of hospital patients, e¢‘c. Among the several hundred
specific problems being attached under the space program, the following appear

to be particularly closely related to earth-bound problems:

bio-dynamics, inc.
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Innovation Arva 1: Atomosphere Contents, Pressure andTemperature.

Space vehicle crew members will breath "air"' which has been stored o
board prior to flight, or - on longer flights - 1s continuously generated by equip-
ment in the vehicle. The breathable gas {or gis mixture) rmust be continuously
monitored for quality. The principle new demand which space flight imposes is
sustained endurance and reliability of the gas supply and contaminant removal
system.

The problem faced by space flight surgeons and and life support system
engineers is analagous to problems of the anec<thesiologist. Beyond providing
improved gas supply and monitoring equipment, the space program may make
feas.ble the control of atmosphere for every hosrpitalized patient. ''The sugges-
tion has been made. .. .that every patient be anesthetized upcn admission to the
hospital and kept asleep, sitting iii a wheel chair in a room three feet wide, four
feet deep, and five feet high until ready for discharge. In such a room, which
would have no windows and orly one door, atmosrheric control would he a far
simpler probelm than in a normal hospital rsoni. It must be admitted, however,
that there has been no general acceptance of such universal anesthesia. Never-
theless, for patients needing atmospheric therapy, this compact private room may
be just the thing.' (75)

The fsllowing are representative items of hardware originating in response

to space program requirements which may make the atmosphere itself a general
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therapeutic tool:

Item: The PIAPAC system being developed under a NASA-OART contract
by Lear-Seigler represents the most elaborate effort yet made to monitor a
man's environment and his physiological response to it, and relate parameters
of the twc in a fairly rigorous fashion. This system is undoubtedly the fore -
runner of truly integrated human patient monitoring systems in which the control
of the patient's physical environment would be based, in part, upon a continuous
assessment of his response t« it

Item: The size, weight and reliability constraints of space flight have
required intensive work on new trace-contaminant me=suren:ent hardware.
(Reference 76 provides an excellent review of gas chomatographic, mass spectro-
graphic anid optical absorption equipment under development by manufacturers
supported by the space program). Equipment developed by Bendix, Beckman,
and others under the space program is now commercially available for research
anesthesiologzy, and industrial medicine.

Item: Trace amounts of 'contaminants'’ in the space cabin environment may
have signifi~ant effects upon the crew during their prolonged exposure to them.
Conversely depriving the crew of certain atmospheric constituents to which earth
has accustomed them may also adversely affect their health or performance.
Hence the research being carried out under NASA sponsorship to determine the

effects of "excess' and "deprivation'" of certain components of air supply. (76)
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No application of NASA supported research :n this area has been identified,
but anesthesiologists and persons concerned with industrial hygiene frequently
referred to this work as hav.ng relevance to care of patients, and prevention of
industrial health problems (77).

Item: Life support system engineers working on space suit and cabin
atmosphere supply are concerned not only with the constituents of the environ-
ment, but also the air temperature and pressure Because of the requirements
that the space vehicle crew be reasona*ly comfortable for long periods of time,
and that fhey be able to move freelv, outside the vehicle, the state of the art
of pressure suit design has had to be considerably advanced. Compcnents of
currently available flight pressure suits have been used to provide external
blood pumping assistance to patients with cardiovasculzr defects, Development
of extracorporeal circulatory assistance is certain to benefit from application of
techniques of pressure control now becoming available from the space rogram.
A second general application of pressare suit tecanclogy in medicine has been
proposed. The future hospital may provide equipment for patients who need
"pressure therapy' (because of respiratory or cardiovascular difficulties), which
permits them to be mobile while receiving external pressure assistance (75),

Item: Efforts to determine the effects of the environments of space, and of
the ocean depths, have led to the development of a variety of types of pressure

chambers for simulation experiments. Tl e most noted clinical use of pressure
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chambers has been in "hyperbaric' oxygen therapy. Wyle Laborateries (El

Segundo, California), for example, a supplier of environmental test equipment

Cone gy N

and services to the space program offers integrated chamber systems in which
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operations can be performed at pressures of several atmospheres Cost of
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the Wyle Laboratory chamber zy-tem has been greatly reduced through use of

novel techniques also utilized in Wyle's aerospace program activities.
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Item: Important design and operating benefits would accrue to the manned

space progra.mlf pure c:xygen could be used as the space vehicle atmosphere,
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- rather than using -a.n atmosphere composed of several gases. The effects upon

1

humans of pfolonge.d exposure to pure oxygeun were not well understood when the
° space prc;gram began, so that thorough investigation of oxygen toxicity has been

. undertaken under NASA and military sponsorship. At least one surgeon in the
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-Roston area has kept in touch with information from the military on oxygen

to;icity.J Such major NASA projects as the Republic Aviation experiments, and

th~ Lovelace Founda_tionrsﬁngpsis and analysis o” the state of the art of oxygen

effects studies are too recently reported to have been widely disseminated within

the medical community:.

Soodm *vanon Area 2: Food Supply and Waste Handhng

I

The dur..twn of space flignts to date have been brief enough to permit

w-ul_‘ {‘r,*e‘]_,at,iygly\'simple golutions to food and waste handling problems. Flights of
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to provision of a truly closed ecological systemn. Before such a system becomes
a reality, however, there must be a more detailed understanding of individual
human nutrition, development of satisfactory novel types of food, and refine-
ment in techniques of removing, and processing (or storing) human waste.

Item: Under NACSA grant Drs. M. Winitz and W. L. Chan have developed a
highly concentrated synthetic diet consisting of 18 highly purified amino acids,
salts, and other substances in amounts presumed to have nutritional value. The
diet appears to have had no adverse side effects upon the subjects who have sub-
sisted on it for several months, Beyond being aware of the diet as a result of
widespread publicity attending its experimental use in a California prison, food
technologists have not responded to the innovation yet. If its use is found to
have no lyng term ill effects, and if its cost can be reduced, the amino-acid
diet could have widespread use as a supplement to the regular nutrition of popu-
lation in less developed parts of the world.

Item: As in the case of atmosphere supply, NASA, military, and contractor
scientists are concerned with trace constituents in food. The pre-planning or
meals for long periods requires, ideally, that the body's total nutritional needs
will be forseen and provided for. Heno;e there are several groups under space
program sponsorship who are investigating the effects of trace amounts of
materials upon health. We know of no ‘clinical dietitians who are yet applying

NASA sponsored research findings in this area, although their interest in such
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benefits of the space program is reflected in their interest in the low-residue
diet studies and experience of NASA.

Item: Whilc efforts to develop novel food sources (from algae, etc.) have
attracted the attention of botanists, biochemicals, ecologists, less spectacular
solutions to the probelm of food packaging and preparations have been proceeding
(78). Several major corporations, including American Machine and Foundry,
and Whirlpool have contracts in this area, and American Can Company has
patented a food tube used in space flights (79). The economics of directly aoplying
space flight food packaging preparation and preservatives techniques to the
civilian market are unlikely except for such special situations as feeding of
parslytics, and packaging of food supplies for sportsmen.

Item: Personal hygiene aboard space vehicles presents severe problems
because of the constraints of vehicle design and the conditions of weightlessness.
Removal of perspiration, urine, fecal anu other waste products must be accom-
plished thoroughly and as conveniently as possible. Processing of this waste
material to permit its re-use in the nutritional cycle is an ideal not yet realized
in an operational sense. Equipment under development by Whirlpool and other
contractors appears to provide a solution to the problem as it will be presented
by Gemini and Apollo missions. The cost and inconvenience of human waste
removal is of considerable importance to hespitals and convalescent homes.

The technical feasibility of adopting space program technology to this problem is

bio-dynamics, inc,
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almost certain, but the econoraic feasibility of producing equip.nent 1o replace
this function of the nursing aids 1s yet to be demonstrated.

Item: Personnel of the Manned Spacecraft Cenzer of NASA are giving con-
sideration to reducing the health hazard of stored or reprocessed human waste
and reducing the possibility of contaminating extraterrestrial environments of
discharged wastes by irradiating it before storage or discharge. Public health
officers report that an increasing demand for their hygiene supervision services
is being placed upon them by the growth in number of public swimming pools.

A possible answer to the problem of poorly regulated ciorination characteristics
of a large proporticn of swimming pools would be to use small, low energy
packaged bacteriocidal radioisotope units through which the water would be cir-
culated.

Innovation Area 3: Effects of Motion, Acceleration and Weightlessness.

The advances provided by the space program in basic understanding of the
effects of exotic environments will be reviewed in a later section. The present
review will summarize the contributions by the space program in protection of
man from adverse effects of mction and immobility.

Item: Space flight poses two deterrants to the healthful effects of man's
normal activities., Confined to a space capsule, the crew have little opportunity
to move freely, and the lack ot gravity tends to increase the need for exercise.

Physicians and physiologists of NASA, the military and their contractors have

bio ~dynamics, inc.
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a number of studies underway directed toward developing ways of providing a
way to avoid the potential de-conditioning effects of space flight. These include
external pressure cuffs whose periodic inflation tends to maintain tonus of the
cardiovascular system, and exercising devices and techniques to enable crew
members to maintain muscular fitness. There has been a considerable amount
of interchange between NASA, militar; and non-government physicians on the
subject of effects of disuse, for the conditions of the astronaut in a cramped,
weightless capsule is analagous to proionged immobili’y required in some kinds
of convalescence. While the most widespread by-product of NASA's research on
the effects and prevention of disuse pathology will ke in improving care of
patients required to spend extensive periods ol time immobile, the space capsule
environment which places low demands upon the cardiovascular system has been
suggested as a possible benefit to patients with cardiac conditions requiring
"complete'' rest (77).

Item: The shock, vibration and noise attendant to space flight have had to
be coped with hy engineers by lightweight seating and restraint systems, bro-
viding both protection from forces and reasonable comfort. NASA's contribution
to this technology has been to facilitate and accelerate the evolution of personnel
protection systems which have been under development by aircraft engineers for
many years. The seat belt design and configurations which are widely used in

automobiles today are byproducts of the simple restraint device development
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which accompanied the growth of airline travel. While the design of auto-
mobiles has not fully utilized the available technology of passengers protec-
tion, space program developments in energy absorbing materials and designs
may be used in future private and public conveyances, if the public’'s interest
in self preservation while traveling continues to grow.

Item: The experience of Russian cosmonaut Titov in orbital flight included
attacks of dizziness and nausea similar to the symptoms of seasickness. This
development increased the concern of NASA and military groups about possible
threat to the i.ealth and performance of ast ronauts. Under NASA fundings, the
Navy and other contractors have expanded research on the causes, mechanisms
and effects of motion sickness. The work of aeromedical specialists in vestibular
physiology has been widely disseminatzd in the physiological and behavioral
science communities. The unique Slow Rotating Room of the U. S. Naval School
of Aviation Medicine is among the most frequently identified farilities of the
aerospace medicine program.

Innovation Area 4: The Radiation Environment

I*em: In section III the contributions of the space program toward under-
standing the mechanisms of space radiation effects were summarized. The most
dramatic application of this recent advance in understanding of the effects of
radiation has been in heavy particle radiation therapy.

Item: Other developments in radiation science and technology fostered

bio-dynamics, inc.
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by the space program include design and development of lightweighi shielding
materials, improvements in shielding calculations, and research in anti-radia-
tion drugs. No direct transfer has been identified at the present time, because
many of the constraints of weiglit and volume which are of concern to space
engineers do not exist in the non-space clinical environment, but if breakthroughs
affecting the cost of production of radiation shielding were to be achieved, for
example, or if anti-radiation drugs were perfected, clinicsl radiology could be
greatly assisted.
Innovation Area 5: Effects of the Sensory and Social Environments

Item: Development of highly integrated simulation facilities under space
prograra sponsorship has provided experimental tools and methodologies for
studying the ''subjective'' effects of confinement and other sensory and social
stresses. Representative of the meaning of this work to the behavioral science
community are contributions to the sensory deprivation literature and development
of methods of measuring effectiveness of small groups. Persons engaged in
geriatrics and in rehabilitation of the biind are particularly interested in the
space program's work in sensory environment simulation, for they are concerned
with assisting their patients to maintain contact with "reality' and maximize
useful interaction with the environment.

Other applications to industrial anc nther branches of applied psychology

include maintenance of alertness in boring (but vital) system n.onitoring tasks,
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and selecting and training small groups of workers.
3. Development of Ways of Describing and Measuring ''Normal Health"
Innovation Area 6: Development of Procedures for Gathering and Processing
Data Concerning Ability of a Man to Carry Out a Job.

Item: The manned space flight program has generated the requirement for
screening and selecting individuals who will be able to endure the demands of
space flight. The intensive screening procedure used in selection of the original
seven astronauts has been deinonstrated to have been satisfactory. In addition
to the very thoroughness of the screening examination, innovations have been
made in the area of data recording and analysis (80). The procedures (and
hardv-are) uscd in observing the parameters of health of subjects have applica-
tion in public health. While the data needs of public health and space medicine
differ in important respects (public health needing, typically, relatively small
amounts of data from large numbers of subjecis, and space medicine demanding
large amounts of data from small numbers of subjects), the integrated approach
of stimulus - response recording and data analysis has relevance to developnient
of similar system concepts for public health.

Innovation Area 7: Generation of large amounts of data on healthy persons,
stressed and unstressed, acute and longitudinal.

Item: Dr. Charles Berry of the Manned Spacecraft Center is quoted as

descrik.ng the wide range of "normal’ responses which have been recorded under
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stresses of space flight, both during flight simulation on earth and during
actual flight. The wide range of physiological data recordea during the pro-
gram, especially heart rate, have modified the understanding of ''normal” (79).
Tre recent symposium on stress, attended by many of the world's leading
physiologists (81), and papers presented by aeromedical specialists at the
Winter 1964 meeting of the Americar College of Cardiology on the cardiovas-
cular effects of environmental stress (79) are signs of a growing interest in
research, industria! medicine and general practice in the response of the body
to stress. It can be expected that the data, procedures and equipment (especially
telemetry) from space medicine will importantly affect medicine. A contribution
of viewpoint as well as technique has been expressed by Dr. W. R. Lovelace,
"In contrast to clinica’ medicine, where the stressing agent is disease, in
aerospace medicine the stressing agent on the normal subjcct is the environ-
ment. "' (82)

A still elusive, but sought-after goal of space medicine is the reduc?:.on of
parameters monitored to one or \wo whose values can be used &s indices of
overall present and probable future healtn. Beyond this goal lies the objective
of understanding the relation between physiological values and mental performance
capability, Lt. Col. David G. Simons, a well know Air Force flight surgeon ~nd

scientist, concluded a description of the information Project Manhigh* provided

*Project Manhigh was a series of extremely high al‘itude balloon flights.
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on man's response to th= stress of space flight by stating, '"'The Manhigh
program was born of the challenge beyond: Space. I believe the lessons
learned ir that program define a new challenge: the challenge within, this is
the challenge of relating the performance of the mind with the function of the
bedy. This can only be done through a rigorous step-by-step neurophysiological
understanding of how the mind works. Modern brain research and electronic
advances open new paths into this frontier. Advances here are essential for
space medicine and promise great benefit to all medical science'. (83)
4. Investigation of the Origins of Life and Basic Physiological Mechanisms.

Tne basic research of NASA in the life sciences has two objectives. The
first is to provide the information needed by the operational medical personnel
of NASA (those responsible for the hecalth of the crew), the engineers who must
design the system to sustain the astronaut's life, and by the engineers responsible
for maximizing the efficiency of the man-machine system which will explore ard
operate in space. In addition to this ''mission-oriented" research NASA has
been given a responsibility to advance understandir g of life processes. Clearly
these ave not two entirely separate objectives. For example, experiments
directed toward de srmining how well a man can use vision tc guide the rendezvous
operation alsc reveals previously unmeasured qualities of human depth-percep-

tion mechanism.
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innovation Area 8: Ecology

NASA and military managers of the space program have greatly accelerated
research in ecology. Whilz adventurers at sea, in the Arctic, etc. have always
had to synthesize an environment upon which to subsist, typically nature provided
the grealer part of what was needed, and man had only to (make relatively minor
adjustments to it in order to survive. Travel in space presents a challenge to
mar.'s ingenuity far different in scale to any ecological problem-solving done
before. Hence the tremendous need for information about the requ.rements for
life support.

Save for specific solutions to problems of nutrition, atmosphere supply,
etc. suggested earlier, the main impact of the space program in ecology will
be its stimulation of interest in this fundamental science, and under its ¢ )onsor-
ship the development of methodology (e. g. mathematical simulation of ecological
systems) and research results (84).
Innovation Area 9: Exobiology

Manfred Eimer of Jet Propulsion Laboratory identifies four questions whose
answers may only be obtained throug'i study of biology beyond the earth:

1. Are there fundamental general laws of biology in addition to that of
evolution?

2. \/hat was the principal source of pre-biotic nutrients?
3. What were the first self-replicating pelymers?

4. Are nucleic acids a general solution to the genetic problem? (85)
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Thus the study of biology beyond the constraints which our earth has placed
upoun the origination and development ot life may reveal not only th.» existence
of extraterrestrial life, but may shed unique light on how life began on earth (84).
Terrestrial laboratory experiments supportedby NASA as background for space
experiments are already yielding significant contributions to biology. Representa-
tive of these was the synthesis in 1963 of adenosine triphosphate (ATP) by Sagan
and Ponnamperuma under Ames Research Center sponsorship.

As early as 1960 the life science community was asked by NASA to recommend
the format of the exobiology program. In June of that year some 35 participants
representing biology departments of 14 leading universities and major govern-
ment life science laboratories met to discuss the meaning of the challenge and
opportunity presented by the space program, and to draw up guide lines for extra-
terrestrial biological investigations (86); this input from the ncn-space research
community has continued. Thus il can be expected that the results of space
biology experiments will be rapidly incorporated into the existing body of biological
knowledge.

Innovation Area 10: Basic Physiological and Psychological Research

Activities of the space program in basic biological and behavioral research
are too diverse in nature, scale and "importance' to be readily summarized. The
following items, therefore, are presented sumply as representative of NASA's

contributors to understanding of fundamentul mechanisms.
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Item: The influence of gravity upon living systems is the one factor which
cannot be thoroughly isolated upon earth. Indicative of our ignorance of the role

of gravity in humen ph_‘,:siology and psychology were the predictions of capable

physiologists in the early 1950's that man simply could not a&opt to \;veightiess—:

‘ness. Jpace.travel for periods of nearly a week has now been demonstrated $o - - )

be feasible, but we still lack the theoretical basis needed topredict whethier man

ca_.zi tolerate many weeks of living without gravity. The -~.daptive responses of -

p:hysiological subsystems to zeru-gravity may reveal much.abogt the basic influ-

ence of gl;avity which in time may contribute to better care of the physiological

subsystems when disease attacks.

Item: In the early days of the space program is was suggested that space
crews might benefit from being induced into a state of hibernation in order to
reduce their nutritional requirements and improve their resistance to space
radiation. This extreme operational measure is rarely suggested today, but
research on the effects of low temperature on living systems has been greatly
stimulated by Sp:;ce progran: support. Advances in ''cryobiology' have been
assisted by the refinement of cryogenic experimental system originally developed
for missile systems. Garrett Corporation for example, has announced under-
taking appiication of its cryogenics capability to problems of cryobiology involved
in food preservatives, neurological and intestinal surgery, and organ transplant (79).

Item: The fact that living organisms exhibit regular daily cycles of

bio-dynam.cs, inc.
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physiological change has been known for many years, and its operational

implications have been examined in connection with submarine and other

- myitary operations. As is the case in so many cther instances, however,

diurnal variations may -be'otf_much gr-eaterf importanéezto space travelers. The
research being supported by NASA“afd the Alr Force on the effects of cha.nlges3

in length of '"day" has already had an gfi"ect upon the medical advice givén to -
airline passengers making jet-speed long distance flights, and may in time c;)n~
tribute to industrial medicine's future problems of advising how best to distribute
the few working hours pe;r day.

Item: Implicit in much of the foregoing discussion is the significance of the
satellite as an experimental facility. Under its bioscience programs NASA and
the Air Force have offered qualified investigators the opportunity of having
experiments of their own design flown in missile nose-cones and in satellites.
The Air Force, for example, has sponsored space flights of numerous biological
materials to determine effects of cosmic radiation, and (by using internally
instrumented animals) has provided data on subtle effects of the space environ-
ment upon cardiovascular and pulmonary systems. NASA's biosatellite program
will include a variety of experiments in botany, cardiovascular physiology, neuro-
physiology and behavioral sciences. The screening of r.early 200 experiments
proposed by non-government life scientists to select about 40 will be done by =

special group of NASA's science advisory committee representing the spectrum
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of interests in the life science community (79).
In addition to providing a limited number of biological and behavioral
scientists wfth th‘e opportunity to conduct experiments in space laboratories,
the space program is providiné funds for the establishment of elaborate labora-‘

tory facilities at government installations, contractor plants and in universities.

While the immediate demands of the space program for physical science and

engineéring data exceeds available tirne on centrifuges, in environmental test

chambers, etc. it;is reasonable to expect that later in this decade more and more
use will be made of these facilities by bio~scie§1tists for experimental work
unrelated to the space program. (In fact, as will be noted in concluding sections
of this report, the inventory of experimental equipment and facilities being
accumulated under the space program may be one of the most significant contribu-
tions to the life sciences to have been made by NASA).

5. Development of Materials, Components, Systems and Methods Applicable to
Medical Needs.

It is natural that the many observers who have enumerated the expected by-
product benefits of the space program have typically identified advances in medical
hardware as a key example. Those who have sought to add up the specific
instances in which space-derived products are being used in medicine today have

generally produced a dismal picture of impact. Briefly, we believe the reasons

to be the following:

bio-dynamics, inc.
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1. NASA's greatest direct contribution to meaicine will not be through

) providing new hardware, but through stimulating the development of
medicine itself - in the areas such as those which have been discussed
above.

2.- The hardware developmeni which has occurred has contributed to
engineering in medicine, whichk is still an infinitesirmally small part of

" medical research and practice. The lile sciences have traditionally been

poor customers for products based upon advances in the physical sciencec
and engineering.

3. The emphasis in innovation acceptance in medicine is upon innovation

in treating patients. Most of the hardware developed under the space

programn however, is useful for observing individuals, not treating them.
While we do not have figures to justify the assertion, it is our belief that
NIH is spending considerably more for development of medicine-related equip-
ment than are NASA and the military space programs, with one important excep-
tion: development of life support hardware (environmental control systems,
pressure suits, etc.).

Thus in the advance of science and technolegy in materials, components,
systems and inethods, for use in medical research and practice, NASA's contribu-
tion of specific items is not likely to be as significant as the contribution of its
activities in the physical sciences and engineering are in advancing the state of
arts from which engineers in the industries serving medicine directly can draw,
The following items represent both kinds of effects; some of the instances of

transfer cited below represent hardware designed for space program use which is

now in use in medicine, others represent the larger class of transfer in which
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space-supported technical activity has produced something which has been
modified by a bio-engineer arnd incorporated into research or clinical equip-
raent. The items are grouped under the inncvation area headings of:
Physiological sensors =&

Environmental sensors
Signal conditioning, Transmission and Receiving, Display and Data Analysis

Therapy

General

Item: ''An electromagnetic flow meter originally developed for the missile
industry is being used at UCLA to diagnose erratic heart action that otherwise
may be difficult to detect' (79).

Item: In addition to sensing the dynamics of phﬁiolog during flight, it
would be highly desirable on longer flights to collect and analyze biological
specimens - blood, expired air, urine, etc. An exarrple of developments in this
area is the Bio-Telescanner developed at the USAF School of Aercspace Medicine
(60). The device incorporates a photocell - scanner mechanism which detects
precipitation resulting from antigen-antibody reaction in specimen fluids, and
reports the density of the reaction. Automatic analyvsis devices of this type can
have wide application in public health.

Item: Representative of the advance of medical instrumecntation made possible
by use of components developed or refined in the space program Is the ballisto

cardiograph (termed the ''Ballisticor') now offered by Cordis Corporation (Miami),

The {)roblem of isolating the patient from external vibration while the accelerative

bio-dynamics, inc.
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forces of his heart are being measured was solved by incorporating a gas bear-
ing originally used in the missile program. The inventor (W. E. Rothe,
Huntsville, Alabama’ also included strain gage accelerometers in his design.
Tancvation Area 11: Physiological Sensors

The space program aud the military aviation program upon which it is
based considers the healthh and safety of the system operator as a dominant
design and operational criteria. Implicit in this philosophy is the desire to
continuously assess the well being of the remctc crew by observing his physio-
logical responses to the challenges of his task and the environment. The con-
dition of space flight requires that sensing of physiological values be performed
for long periods of time, reliably, with minimum interference to the crew and
minimum effect upon system weight and volume.

Item: Since the condition of the cardiovascular system is of vital significance
to health, and since its conditinn can be fairly well assessed by observing the
patterns of electrical activity (the EKG) which accompanies heart actions, con-
siderable attention has been given to design of electrodes for recording these
patterns. Electrodes developed under sponsorship of the Air Force ana .JASA
represent great advances, and are probably tl.e best known medical equipmnent
development of the space medicine progra:n. (87, 88, 89)

Item: Under space program sponscrship, Gedc'ies of Baylor University

demonstrated the feasibility of monitoring respiration by ovserving
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electrophysiological variations which accomp any breathing. Introduction of
this method into the manned space program displaced other respiration monitor-
ing methods which had been considerably advanced by the aviaticn and space
medicine program: detecting breath and flow by a thermister, or by an electric
chest band upon which a strain gage is mounted. The pulmonary physiologist
can now obtain commercial hardware to monitor breathing by any of their
methods.

Item: Blood pressure has long been accepted as a key parameter »f health,
and because of the expected changes in cardiovascular dynamics produced by
weightlessness, monitoring of blood pressure has been the subject of a consider-
able amount of space medical-engineering effort. In 1961 Webb Associates
surveyed the state of the art in blood pressur: sensing systems for NASA and
identified four approaches which appeared promising for Mercury program
application, with six others identified as probably unfruitful for space use (79).
In-flight blood pressure monitoring equipment developed at the U. S. Air Force
School of Aerospace Medicine (Roman and Ware) was found by our project staff
to have been considered by personnel of a large city health department, a medical
school, and a potential manufacturer to have great promise for non-space clinical
examinations.

Item: Under space program stimulus engineers and physiologists are not

only exploring new ways of measuring "standard'" parameters (like blood pressure)

bio-dynamics, inc.
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but are investigating other variables which have been ignured by clinical
medicine. The cardiovascular system whose operation produces electrical
signals, vibrations, pressures and other energies is rich with potential for
measurement. One that appears to have particular promise is the measurement
of acoustic properties of flowing blood. Pulse wave velocity (PWV) determin-

ations may become a routine clinical test.

cale s

Innovation Area 12: Environmental Sensors

Earlier in the discussion of the life support problem faced in the space
program, the need for accura‘e analysis and control of the environment was
cited. Environment control is based upon scnsing of the present concentration of
atmosphere constituents, their pressure and other characteristics. Environ-
mental sensing is also of importance in a number of non-space situations such
as industrial hygiene and anesthesiology.

Item: Beckman Instruments, Inc. deve.oped and marketed a polarographic
oxygen analyzer with company funds. While the basic equipment was con:pany
sponsored, application of the device for use in the Mercury program required
that it be made smaller, with lower power consumption and faster response.
Present-generation equipment, incorporating these space-stimulated improve-
ments is being used in a variety of medical and industrial oxygen analysis
applications.

Item: Another oxygen analysis instrument using the principle of polarography

bio-dynamics, inc.
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was developed by J. R. Neville while on the staff of the Air Force School of
Aviation Medicine. Used at the School in monitoring the capsule environment
in the "'Little Joe'' biopack flights, as an hypoxia warning device in aircraft
and in studies of metabolism, the device is now licensed for commercial sale.

Item: Bendix Corporetion markets a pog’table time —of—flight mass spectrometex
developed for use at the Air Force Aeromedical Research Laboratory t:o‘r/ ;'ese;arbfl
and process controi problems involving gas analysis;.

Innovation Area 13: Signal Conditioning, Transmission, Display andlData Analysis

Item: Development of miniature physiological data telemetry equipment is
probably the best known contribution of the aerospace program to meadicine. Stil!
there are relatively few systems in use at the present time - no more than 500
as well as we can estimate. Though there are at least ten firms which advertise
such equipment, routine ''radido-cardiographs'’ are not yet accepted as standard
clinical practice.

Item: Visualization of internal physiological phenomena has advaned markedly
with the development of ''Thermography’' - display of the heat emmission patterns
of the body. Sales literature of the Barner Engineering Company states that,

"In medicine, the (infra-red) camera is now showing possibility as a new, ncn-
contact, non-destructive tool for the diagnostician, pathologist and internist.
By detecting 'hot spots' in the human body, the camera can suggest the presence

of malignancies and other pathological conditions' (91).

bio-dynamicg, inc.
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The technology needed to provide meadical infra-red visualization equipment was

developed largely as a result of such space program’ requir?m‘ents as r::v.Adio1

display in airport traffic control to VCG dlsplay, and Ling-Te ncc -Voughf has : ‘>1-_

applied a 3-D display concept developed for display of vehicle posi.ion to the ‘
problem of VCG presentation.

Item: McDonnell advertises a signal correlator developed for use in aero-
dynamics experiments as an iustrument capable of (irexpensively) assisting
physiclogists in observing, in real time, the statistical correlation beﬁveen
variables being monitored.

Innovation Area 14: Therapy

Item: The cramatic affectiveness of ''cryosurgery'' in treutment of neuro-

" logical disor«ers and in ulcer therapy has been made possiole by the low-tempera-
ture .echnology advar.ces acunieved under missile and space program sponsorship.
One of the leading ~"ippuers of ejuipment for cryosurgery, Linde, i3 also
contractor for infra-red sensor cooling equipment and other devices for precise

low-temperature control of small elements.

bio-dyna.nics, inc.

mé;

- '
Lo BBy e ‘4_~.-,,.T‘.7‘_-.’m:.:.;:—’)-p~y§m
. BRI PE U TR

-
C e

,,.
A L

(it

-
A ’.'ﬂ;'\E‘T

SV e

= o

T



et et RIRW, | o

>

L RSN

PR
) i

Didede i aa r~““uv".f

‘l‘ -r’“ P

—s‘-’}

[Fepra,

[—— |

———

-130-

Item: While the idea of "'autematic" syringe injection of drugs did not
originate with the space program, the devices developed under NASA sponsor-
ship represent innovations in ruggedness and reliability of operation. Their
use in hospitals is not forseen, but they appear to have applications in the
medical program of Civil Defense and Publiz Health in remote areas.

Item: Use of a Gulton accelerometer in sensing a Parkinson Disease patieat's
tremor has been demonstrated to be a valuable aid to the neurosurgeon. By
observing changes in pattern of tremor during the brain-lesion operations, the
surgeon can more readily select the site of the lesion to be made, and monitor
the effect of the lesion (93).

Item: The Missile and Space Division of General Electric is one of several
NASA and military contractors investigating the feasibility of drawing electric
power from the metabolic activity of living organisms. In 1963 a physical biology
scientist of G. E. sponsored by NASA derived approximately 150 microwatts of
electrical power from the body of a live rat, and used it to energize a transmitter.
While the immediate application of body-powered tranzmitters will be in physio-
logical research, continued development of ''bio-batteries" may make it possible
to power implanted prosthetic devices (pacemakers, artificial muscles, etc.)
with the human body's own electrical energy.

Innovation Area 15: General Effects of Space Program Technology

The forcgoing sections have summarized some of the instances in which the

bio-dynamics, inc.




ot

vl R

e}

oot

(S .

-131-
existence of the space p-ogram has affected research and practice in the fields
of medicine. We expect that a similar survey made in successive future years
would reveal an exponen:ial increase in the number of cases which could be
described. However, the citation of specific cases of fairly direct transfer of
scientific and technological innovations from the space program into i :dicine
does not adequately describe the impact of the space program: (here are more
general and diffuse ways in which tt 2 existence of the space existence of the
space eiffuirt expresses itself,

Item: The term '"'systems approach' has been used so oftern in the missile
and space proSram that it has become almost meaningless. Yet the concept it
describes is fundamentally novel in the life sciencesz. Aeromedicire piorieered
in. application of systems engineering to solutica of medical problems - defining
requirements for iife support equipment, and evaluating and apprcving designs
ir. close liasion with engineers. Three examples of latter day systzms approach
to clinical problems will illustrate this area of technology transfer: Dentistry
has been characterized by a greater willingness to adopt advarces in technology
than most cther fields of medicine; in part this is because the problems of
diagnosis and healing faced by the dertist fairly clearly dictate the forms of
task, and the direction of their improvement. However system engineering is
seldom seen in dental equipment design. A recently developed modularized

concept of dental equipment design for clinical use may represent an important
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contributior. to dental medici..e. Dr. W. E. Burton ueccriicd the system: to
the Amer.can Dental Association's October 1963 meeting; Lockheed Aircraft
was reported i.. be one of the firms interested in menufacturing it (94). Claiming
that much of the equipmaent usec it dental practice s inherently resistant to
thorough sterilization, he proposes an integrat2d svystem of icols, lighting,
seating, etc. whose components can be reasily disassembled and sterilized.

For severz® years Dr. Hugh McGuire of Montgomery, Alabama has been
actively engaged in the promotion of a system-engineered hospital «oncept. In
his "Automedic' hospital there is great attention given to optimum a.location of
tasks to men and machines, with equipir ent and operrating procedures desiged
to relieve professional personnel of routine, sub-professional tasks.

The disappointment expressed by mary hospital administrators in the failure
of first-generation physiological monitoring systems to fuifill their expectations
was evidence ot poor systems engineering. Much of the "integrated" physiological
monitoring zquipment instalied three to five years ago was unrealistically
sophisticated; not enough attention was given to training, maintenance, and inte-
gration of the equipment with the existing hardware and procedures.

A physiological monitoring system now in use in a New Jersey hospital
represents this evolution of design from space application to research-center
use to general clinical operation. For several years Gulton Industries has

supplied to NASA and the military componerts and systems for physiological data
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gathering. Working with research physiciuns and engineers at tne National
Institutes of Health the firm also developed and installed an integrated physio-
logical data acquisition system for monitoring patienis under intensive care.

Subsequently Gulton, and its marketing partner, Executone, Inc. contracted
to install a s'milar system in a New Jersey hospital. "Vhile the data sensing
and recurding require.nents of the application were, relatively simple compared
with aerospace and reseailch medicine instzlilations, the firm had to meet three
severe criteria: simplicity of operation, reliaoility and patient comfort. The
wired system senses and recoras patients' systolic and diastolic blood pressure,
pulse rate, and respiration rate; it can be expanded to include other parameters.

The collaboration of Executone, Inc. and Gulton Industries in designing and
marketing hospital monitoring systems highlights the recessity of integrating
advanced engineering with a substantia! sales and service resource in order to
effect the transfer of space technology into clinical medicine.

Item: The space program is providing a stimulus for development of a
strong biotechnology industry capable of addressing medical needs such as those
to be discussed in the next sectinn, Prior to the advent of the manned space

program, medical engineering capabilities were possessed by few industrial

B R Ry N TPV LD

concerns. Today most of the larger space program contractors have departments

-

of bio-engineccing, headed in many zases by life scientists having enginerring

experience.

s
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In the early days of the space program so'ne leaders in the life sciences
expressed concern that the funding to be made available for space inedicine and
related research would divert talent away from badly needed non-spcce medical
research and engineering. This has not been the cas2: in fact a criticism that
not enough of the nation's top life science talent has been attracted to space
problems is now occasionally voiced.

D. Needs of Medicine for Technological Innovation

The proceeding sectiorns of this discussion of the impact of the space program
upon biomedicine have suggested the ways in which research and clinical medicine
of the future may reflect the activities of NASA. New biological knowledge will
flow from space projects, new attitudes of ''systems approach'' will be seen,
and integrated medical-engineering team efforts will be more common. A medical
hardware industry will develop which will be populated by many smaller firms,
and, perhaps, some airframe manufacturers who were ''capitalized'' by space
medicine contracts. Beyond these effects of the space program, the quality
of engineering service to medical research and practice will improve as a result
of the availability of technclogy which has been developed under the space program.
Sophisticated design solutions to medical problems of long standing are bound to
result from the application of space-derived materials, components, subsystem
design, and engineering practices.

The following problems are illustrative of the needs of medicine for use of
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state-of-the-art technology and ingenuity which has characterized engineer-
ing efforts of the space and missile programs. Those life scientists who con-
tributed to the building of this list are of the opinion that none of these problems
needs a life-science breakthrough; their solution will be the product of sufficient
engineering attention and funds. This "'shopping list" is arranged under tho
headiﬁgs of:
Sencing physiclogical phenomena
Visualization of physiological system components and operation
Sampling and analysis of biological specimens
Aids to recognition of physiological states and patterns

Tools for research and clinical treatment
Replacement parts.

D W N F

1. Sensing Physiological Phenomena

Data acquisition for biology has much in common with that of other sciences
but in general the differences between the physical and life sciences prohibit
direct transfer of techniques from one to the other. As in other fields, data

acquisition in biology consists of transduction of energy imparted by the phenomenon

under study, conditioning of the transduced signal and recording of its character-

v

istics. In none of these three areas has there been sufficient special design for
the biologist; in nearly all cases, methcls have been borrowed from the physical

sciences. Although this borrowing has not been indiscriminate there have never-

AL O L b ML AL A s

theless been two unfortunate effects of it. OUne, the transducers rarely fit all
the needs of the investigator and two, the course of research all to frequently

is dictated by the types of conditioning and recording equipment available.
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The types of specifications applied to transducers used in medicine are much
the same is those to which engineers have become accustomed. They include
frequency response, linearity, stability and freedom from inh:erent distortion.

In addilion there 1s the essential requirement that the transducer chall net unduly
interfere with the process or organisms being studied. While this requirement
is implicitly present in all instrumentation, it becomes particularly troublesome
when the entire system under investigation is measurecd in microns, or is an
ailing person.

Although transducer selection in biology is done mainly on the basis of
physical specifications, attention must also be paid to other factors which rarely,
if ever, enter the engineering world. If used on conscious subjects, a transducer
must be comfortable; if used in surgery, it must be sterilizable; most transducers
must be free of allergenic materials, As if these qualitative criteria were not
enough, some transducers must have their response deliberately restricted so
as to measure not the actual response of the subject, but rather the resporce as
it has been observed, so that th_e data can be compared with historical noxrrus.

Item: Indirect Blood Pressure

When a patient's blood pressure is taken, two kinds -~ inferences are
possible. The first has to do with the possible causes of abnormal pressure and
the second concerns its potential consequences. The first is thus diagnostic and

the second prognostic. The use of blood pressure data has therefore become
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deeply embedded in clinical routine. Methods that allow the blcod itsell to
contact a transducer are called direct blood pressure measurements. In
conjunction with major sugery such measurements are made, but for post-
operative and general clinical care indirect means are preferred.

Most indirect measures of blood pressure involve the occlusion of an
artery, usually by a flexible pneumatic cuff, As the cuff pressure varies from
zero to above the maximum, changes in the sound (auscultation method), color
(flush -throb method) or volume (plethysmographic method) of the limb or digit
are noted and can be related to the minimum and maximum pressures associated
with each beat of the heart.

The main disadvantage of these scliemes is that such measurements can be
made only on an intermittent basis, lest the flow of blood to the tissue distal
to the cuff be cut off too long. Not only does this prohibit continucus mon.toring
but it implies a sequence of operations which is long and during wrich several
measurements must be made. Automatic equipment based upon these types
of indirect measurements is complex, and mannal techniques regquire considerable
skill for reliable readings. No automatic device has reached general acceptability.

Methods of making indirect pressure measurements without arterial occlusion
have been devicred and must be improved. They depend upon one of the following

physiologic parameters which are known to vary with blood pressure.

Y
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-velocity of the pressure pulse

-velocity of sound in the blood

-blood flow volume per unit ' ime

~distension of the artery ana the overlying skin

Ea~h of these methods has its cnaracteristic faults. To improve patient
monitoring, to conserve the time of doctors and nurses, and to detect emotional
reactions, and improved means of blood pressure measuremeni is much needed.

Item: Blood Flow

Closely related to the need for accurate blood pressure is the desirability
of measuring local blood flow. Such knowvledge not only reveals anomalies in
the vascular system but also tells much about the body's ability to respond to
stress. Existing blood flow meters function on the basis of manometric measure -
ments, radio-tracers, dye dilution, Farady effect, Doppler effect, nuclear
magnetic resonance, and the insertion of rotary devices intc the blood stream
through suitable connecting tubes. All of these methods suffer from one or both

of the following defects.

a) they interfere with the flow.
b) they require intimate contact with, or irnsertion into, the vascular system.

Ideally, one would like to measure the blood flow in a specific unexposed
blood vessel (e. g., the brachial artery, the common carotid artery, the pulmonary

artery and pulmonary vein, the renal artery) and in an intact limb.

bio-dynamics, inc.
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Item: Free Blood Volume

In the diagnosis of certain circulatory uiseases and especially in the
determination of the degree of shock, it is highly desirable to know the amount
of blood which is free to circulate, i.e. not pooled in the liver or spleen or
other major organs. The chief presert technique hav be<r used by a few years;
it consists of the injection of a radioisotope, usually gold or chromium, and
tlhie measurement of its dispersion in a blood sample taken a few minutes later.
A better method would be one in which the injectate would be selectively bouna
to specific blood constituents and in which measurements could be taken continu-
ously or at least every few minutes.

Item: Surface Electrodes

The measurement of bio-electric potentials is widely used in medicine and
psychophysiology in both clinical and 1 esearch situations. Electrical noise
associated with such measurement systems frequently occurs as an electrode
artifact.

.tem: Glaucoma Detectlion

Intraocular pressure must be sensed without injury to the eye, and safely
and rapidly enough tc permit large scale screening of the population,

Item: Cerebrospinal Fluid Pressure

In neurosurgical and laboratory procedures, a method is needed for continu-

ously recording the spinal fluid pressure,
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Item: Improved Pulmonary Function Tests

Rapid detection of breathing work and breath patterns changes will be neceded
to meet the accelerating pace of research into the effects of chronic and acute
exposure to atmospheric contaminants, by both healthy persuns and by persons
with cardicvascular or respiratory impairment.
2. Visualization of Physiological Systern Components and Th.ir Operations

Item: Methods of Visualizing Soft-Tissue Organs

Ultrasonic systems have reczntly been made commercially available (and
used, for example, in examination of the brain - "'echo encepholography'') bn
improvements are needed to facilitate viewing the lymphatic system (to detect
metastases), the liver, pancreas, and spleen. Ingestion of radio-opaque fluids
by the patient in order to make soft tissue 2. gans vis.ble via x-radiation does not
appear to be a satisfactory long-range ansver o the problem of vicwing soft
tigsue organs.

Item: Direct Viewing of Organs

Recent developments in {ibetr optics and ultra-miniaturized TV ¢ ‘mera tubes
point the way to direct viewing of t..e internal structure and oper:.r:on of organs.
Further miniuturization, <olution of the problem of tissue dar..g-, and, finally,
precise and reliable contrn] of the sensing device must be aclieved before this
potentially valuable tool o." diagnosis can become practical. Development of

external control of viewirg devices should also enable the diagnostician to sample
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temperacure, pressures and other physiochemical properties of internal
organs in-situ.

Item: Rapid Fluroscopic Screening

Improvements inIradiographic equipment during the last decade, and
refirement of image intensifiers have greatly facilitated fluroscopic screening,
and reduced i..e radiation exposure of the patiert. Iurther advances in display -
technology will permit rapid examination in mass (Public Health) screening.
3. Sampling and Analysis of Biological Specimens

Item: Ionic Analysis

The semi-permeable membz"anes of the body function largely tc preserve
the tonicity of the body fluids. In disease, the fluid balance is a subtle indicator
of condition. Quick and convenient means of quantitative and qualitative detection
of inorganic ions in the body fluid would be of inestimable value. The principle
monovalent icns are hydrogen, sodium, chloride and bicarbonate; the main
multivalent ones are magnesium, calcium and phosphate. Present techniques
involve either delicate glass electrodes, flame photometry or awkward and tedious
separation techniques.

Item: Analysis of Protein and Other Nitrogen Compounds

Particularly in the measurement of kidney function one needs to know tue
concentrat'ions of urea, ammonia, and other nitrogen compounds in both tissues

and fluids. With present techniques, analyses are very slow and often unspecific,
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Rapid and precise measurements are needed for these determinations as well
as for the Identification of enzymes and their many substrates.

Itom: Respiratory Gas Analysis

Present pulmonary function tests require a certain armount of exertion,
and are difficult to perform and record in order to obtain quartitative determin-
ations of nitrogen, oxygen, carbon divxide and anesthetic agents. Today, one
might use techniques of infra-red absorption, magnetic effects and spectro-
graphic analysis - surrounding the patient with racks of equipment. Continuous
flow rate monitoring together with automatic sampling, analysis and recording,
incorporating miniature single-breath analysis techniques could enable clinicians
to examine pulmonary functions routinely.

In addition to better ways of analyzing total puirnonary performance, it
must become possible to analyze vascular and zaseous diffusion of individual
pulmonary lobules in order to conserve the maxiruum amount of functional tissue
in lung surgery.

Item: Identification of Celis

Means of identifying congenital defects by microscop.c examination of cell
nuclei are needed. At the more fundamenta. research level further development
of ultramicrochemical techniques for analysis of che chemical function of a single
cell will make possible progress in the {ield of genetic transformation.

There are devices available today which automatically recognize and count

bio-dynamics, i~z,




-143 -
the number of certain types of cells in a carefuliy mounted and staired specimen.

Eugineering advances needed include not only more sophistication in automatic

discimination of cell types but greater ease in preparing the sample for automatic

analysis.

Itemn: Identification of Organisms in Aerosols and Fluids

Culturing of material suspected to contain pathogen.c bacteria is time
consuming, and frequently the specification o: the optimum treatment must be
delayed unt:l the bacteria have grown sufficiently to be visible. Some means of
avoiding the prolonged period of culture is badly needed. Sophistication in the
approach to identification (e. g. use of polarizing spectrometers for detection
of asymmetric carbon atoms, etc.) and use of biological analog systems (an
outgrowth of work in "bionics'') are indicative of the engineering contribution
needed.
4. Aids to Recognition of Physiological States and Patterns

The technology of automatic pattern recognition, and the sciences of under-
lying it are contributing now to such problems as language translation, and
screening of cloud photographs. Application of this technology to automatic
classification of x-ray images, and detection of cancerous cells wili greatly
facilitate public health service in disezse detection.

In addition to automatic recognition of spatial patterns, there is a need for

devices to identify abnormalities in temporal patterns of physiological data, making
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it possible for machines to truly assist the physician in identifying the ways in
~hich a patient's state differs from health, and selecting the parameters which are,
for a particulsr patient, the most important correlates of his present and probable
future condition.
5. Tools for Research and Clinical Treatment

Ilcm: More Precise Orug Tic fmen.

A very necessary development is means of delivering definite amounts of
antibiotics to sequestered sites, such as abscesses to avoid side effects of treat-
n.ent. Perfusion techniques for trecatment of cancer must be made more precise.
Rapid, eczv to administer, tesis for determining an indivual's sensitivity to a
given antiobiotic would expedite drug treatment.

Item: Equin..2nt 1or Automatic Monitoring and Treatment

Continucus, automatic monitcring of physiological parameters has been
discussed in sevec:al sections of this report, and the engineering advances needed
in the various elements of such system=z have becn identified. Refinement of such
equipment should rtake it possitle to provide autcmatically certain simple services
to patients, and control of fluid admimstration in post-opcrative complications
and burn cases.

Bacterial filters for the protection of the patient during surgery are needed,
and it would be highly desirable to provide(by electrostatic precipitation, ultraviolet

radiation, etc.) large germ-free areas in every hospital for the protec-.ion of
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open-treatmert burn patients, and patients whose natura! mechansims of
immunity have been rendered ineffective.

Tools to assist the surgeon in manipulating, stitching, etc. may reduce the
time required for major operations, and thusly reduce the risk to the patient.

Item: New Materials

Certain properties of materials whicih are ordinarily of little or no concern
to the engineer are of vital physiological importance; they include surface-
wetting characteristics, inertness in the presence of organic and inorganic
compounts, etc. Engineers and physicists have made, aad are expected tc con-
tinue making contributions to an understunding of clotting mechaniams and their
control. Materials technology can be expected to provide improvements in the
nature and variety of both the mundane materials of the surgeon - sutures and
dressings - and the dramatic artificial equinment which the surgeon will be intro-
ducing to healing - synthetic valves, joints, piping, etc.

Item: Use of Novel Physical Phenomena

The physician has used heat and cold for treatment since medicine began.
More recently he has employed the energies of electromagnetic radiation (x-rays,
microwave, ultra violet, infra-red, laser, etc.) ultrasonic vibrations, high
pressure and other media to affect the processes of living systems. Considerable
attention has recently been given to "'cryosurgery' - application of severe cold for

the destruction or temporary suspension of physiolcgical subsystem activity.
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Engineering advances in contrel of the amount of energy imparted in location
of the application and in monitoring the functional effect are needed in all of
thcse areas.

In addition, *he physical sciences and engineering must contribute to
exploration. of use of electrical and magnetic fields as therapeutic agents. One
application of electrical energy which seems to have been further advanced
in the USSR than in the West is its use in the place of drugs to induce unconscious-
ness.

6. Replacement Parts

One of the most exciting prespects of medicine “s the renlacement of diseasad
or otherwise inadequate parts of the hody by artificial components or "'borrowed"
living parts. There is also the poséibility of providing assistance (either tempor-
ary or permanent) to impaired phvsiological subsystems.

Representative of the more straight-forward contributicns engineers can
mahe to bring about thege possibilities is the storage of large amounts and varieties
of cadaver tissue, and the system to provide natio:al (or internationai) inventory
control, rapid access and delivery. There is more sophisticated engineering
assistance needed in developing material components, and systems to facilitate
replacement surgery. In providing artificial assistance tc the kidney, for
example, the capability of the kidney to remove toxin from the blood by dialysis

must be replicated. Current artificial kidneys - which use synthetic membrane -
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coula .~ improved by the development of a material wnic> could perform as
a variable-mesh membrane, changirg the dizlysis progressively from the larger
to the smaller particles.

Permanenily implanted standby or supplementary devices have been proven
practical in the case of cardiac activity control with the development of tl';e
artificial cardiac pacemaker, In terms of the goals cited earlier, the function
of the pacemaker - providing precise electrical stimulation to the heart - seems
modest ensugh, but the fact that a man-made system was designed to mimic a
physiological function, and has successfully operated in patients' bodies for long
periods, thereby permitting the pursuit of normal activities for long periods of
time, is auspicious.

Lzi gely under sponsorship of the Veterans Administration and the Vocational
Rehabilitation Administration considerable attention has been given to develop-
menpt in the deaf, blind and crippled. There is an enormous amount of work yet
to be done, for despite the eiforts to date no substitute has been desi_ned for
nocmal sensory or motor perfurmarce. IProsthetic members have advanced
furthest, but a satisfactory "hand' still eludes the engineer. Work in the area
of prosthetics and sensory aids seems to have ~een characterized historically
by "'brute force approach' (which solved the problem of tlic less severely impaired),
then a retreat to more basic study of the physical, physiological or psychological

function to be replaced, and then a return to hardware attempts. Surgical repair-
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particularly in treatment of hearing and nervoue control disorders - has pro-
gressed.

We are at a point, it seems, where the science and technology relevant to
prosthetics and sensory aids have outstripped the ability of interested engineers
to apply it.

E. General Needs of the Life Sciences ard Medicine

In June 1963, the Department of Health, Fducation and Welfare, published
a series of papers on '"current and emerging issues' in areas of ccncern to
the Department (95). The document identified the foilowing among others, as
topics* oi great and growing concern:

Health

Air and water

Chronic conditions and disability

Mental Retardation

Hospital facilities and costs
Education

Ern:ollment and artainment

Library services

Welfare
The aged

How can the space program contribute to solution of problems in these areas?
The answer to this question must be given with respect to each problem. There
are bound to be many activities underway in the next decade addressing these

problems which will not reflect in any way the existence of the space effort.

*This list paraphrases the Department's list.
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However we c1n state that if the will and the funds to apply space derived
technology are available, the space program has demonstrated that technology
exists, or is attainable to:

1. remotely observe and control vir*ually anv characteristic nf the
physical environment.

2. transmit large amournis of data, and analyze these data automatically.

3. match men - machines and environment to achieve optimum (objectively
measurable) performance,

4. simulate virtually any machine-bared task and ¢nvironment.

Imanginative and sufficiently fund=d application of inese abilities can have
a profound effect upon health, education and welfare. In the meantime, it is
expected that the present and growing technology of the space program will con-
tinue to improve the existing tools of life sciences and medicine (96) and contribute
1o their becoming more uniform in performance and more econornical.

Equipment for automation of non-professional hosnital function (hnusz-keeping,
record maintenance, environmental control, etc.) will greatly ease the adminis-
tration's current cost crisis. Both number of personnel employed by hospitals
and payroll have increased sharply in the last decade, with personnel up about
70% and payroll higher by nearly 300% (47a). The incr.ase in annual payroll
expense is considerably less than the net increases in assets of all hospitals (97),
implying that, unlike most other technology-based "industries' hospitals have

not invested heavily in automated equipment in reccnt years. Further indicative
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of this is the fact that whil- rke number of doctors has increased at about the
same rate as the genernl prpulation in the ~~-¢ jecad~ 2n4 nalf-again as many
registered nurses wers -7 oorvny Loiapared with 1950, sub-professional

vcorkers in virtually all categuries more than doubled - contrary to the trend in

virtually all other "industries' (98). It is the automating of the function per-

formed by these sub-professionals that technology nust be applied to if hosnital

l : costs are not to rise beyond reason.

MR Vs AN e n e m e e e - o

Finally, the development of better instrumentation for bio-science research -
relieving the life scicntist frem the ''chores of equipping and administeri.ng with
:i which he is singularly burdened - should make more productive manpower
available for the creative aspects of basic research. In 1951, James B. Conant,

viewing the impact of science upon industry and medicine, argued for more

emphasis upor. basic research whose findings are the ''fuel” for the applied

scientist (and the clinician and engineer) (99). Others (e.g. Stover, 100) urge

(wenwe!

the abandonment of those ''present patterns (which) encourage the subcrdination

of science to technology, and the exploitation of both", and recommends that
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the basic scientist be relieved of administrative burdens.
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VI. CONCLUSIONS ANNl. RECOMMENDATIONS
A. Conclusions

1. Summary of findings

How has the existence of the space program affected medicine, and
what impact will space science and technology have upon life science research
and practice’ The preceding section presented a discussion of the nature and
extert of the effect space activities have had ardmay have in the future. The
transfer of space-derived science and technology into biomedicine has thus far

been observed mainly in areas having problems similar to those of aerospace

medicine. Thus the earliest significant instances of transfer of engineering innova-

tions occurred in physiological monitoring. Similarly, hardware developed or
refined to meet space medicine's need {or detection of space cabin aimosphere
constituents also meets clinical and research neec 5 for environmental gas
monitoring, and space-derived equipment is now marketed commercially.
Beyond these and other representative cases of hardware transter, space
medicine and biology 1s generating information and developing procedures which
have alre2cy begun to be incorporated into non-space biomedicine. The problem
involved in insuring that space crews survive and perform lengthy missions
satisfactorily in an artificial, hazardous environment are stimulating research
that will be applied, for e:.ample, to care of cardiac patients, assessment of

"health', and preventive medicine in industry.
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The space medicine effort is resulting in the development of facilities
in contractor plants, NAS/ centers, and, eventually, in snace, which might
be used in the future to address problems of no immcdiate consequences to
normal space flights. The effort devoted to the medical problems of man-in-
space is producing a corps of engineers and physical scientists who are con-
versant with the language and solution constraints of medicine.

Then the activities of the space program that are termed ''space medicine'’,
"space biology', ''biotechnology'', etc. have already affected life science
research and clinical practice. However, the portion of the space program
devoted to life science problems is but a small part of the total program. What
effect has there been on medicine of the vast expenditures for development of
propulsion systems, vehicle structures, controi and navigation devices, etc.?
While the preceding section described a few cases, instances of life science
exploitation of space system designs, materials, etc. have been rare. In fact,
were there numerous instances of direct application to medicine of hardware
designed to support space flight, one would be led to question the efficiency of
space system engineerin/; the commonability of design criteria between life

science equipmen® needs and the needs of space flight are few. This is not

meant to discourage efforts to ferret out opportunities to utilize space technologies

in the space program - indeed we recommend that activities ¢! this kind be

intensified - but it remains true that, apart from space medicine and biology,

bio-dynamics, inc.
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the space program will contribute moie byproducts to the technologies of such
industries as communications, transportation and eiectronics manufacturing
than it will to bicmedicine.

Although the catalog of space-dervied medical devices 15 not a large one, it
will by no means describe the total effect of the space science and technology.
The technical resources - personnel, facilities and management - now being
directed toward exploration of space may be partially directed iowar- intenesive
attack upon hiomcdiczl pioblems. This is already nadpening in the case of
gseveral gpace contractorz, whe, with company funds, by and lairge, are address-
ing their engineering skills to such problcins zs hospital data processing,
development of biological analogs, automatic analysis of electrocardiograms,
automobile accident preverniion, etc.

Exchange of information between space scientists and life scientists outside
of the space program must tzke place through the existing channels of ccmmunica-
tion usged by life scienticts, Innovations resulting f roin space progra:n activities
must compete for the scientist's attention with the growing nuinber of new ideas
being generated within the life sciences. If NASA is to expedite the transfer of
science technology the agency must take into gccount the differences in info.'-
mation-seeking habits of the various specialties. In fields such as genetics and
artificial organs, for example, the pace of research requires that the scientist

rely heavily upon information communication. Along anothe.' dimension -
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extending from basic research to clinical research - the information requireme:t
varies from detail information about relatively few subjects to less detailed
information about a great number of subjects,

Perhaps the greatest barrier to utilization by the life sciences of the resevoir
of science and technology generated under the space program is the problem cf
"\ranslation" of physical science and engineering information into terms which
are meaaingful to life scientists. However, the number of physical scientists
and engineers engaged in life science research programs is growing, many
medical and engineering shools during the past five years have established formal
or informal cross-training programs for engineers and physicians, and new
interdisciplinary journals have been established to facilitate communication
among those whose work bridges the life sciences and physical sciences.

The shortage of physical science - life science interpreters is not the only
deterrant to rapid adoption of space-derived innovations in fields related to
medicine. The following are other conditions of the "inarket'" which must be
modified, or taken into account in attempting to accele rate the flow of physical
science and enginecring ideas from the space program into medical research
and practice,

The extraordinary complexity of the subject matter of biomedicine (living
systems) makes it difficult to evaluate the usefulness of new or refined means

of study and treatment, If the technical value of a new biomedical tool is hard
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to determine, the ecow.omic value of medical diagnostic or treatinent equipment
often simply cannot be determined. The uncertainty attending innovation accep-
tance decisions in the life science tends to delay and imgpede adoption of change -
though the increase of federal support for medical research and clinical facilities
in recent years appears to have increased willingness to take risks in invest-
ment of time and funds for innovations.

It appears to be more difficult for hospital administrators to allocate capital
and cperating funds for hardware innovations than for personnel costs.

Because of the shortage of engineers and engineering technicians in medical
fields, and the relatively smail number of life scientists trained in engineering,
equiprnient must be (expensively) reliable and straight-forward in operation.

Because NASA is primarily a mission-oriented agency, only a small portion
of the efforts of its own and contractor personnel is devoted to exploring ways
of applying space science and technology to medical innovation needs. It is left
to the life science community, and to the manufacturers serving it to match the
needs with available space technology. As indicated earlier the demand for
change - new or markedly improved products and services - is not yet large
enough to stimulate sizeable private investment in application and transformation
of advanced technoiogy.

The transfer of space technology into biomedical specialties is proceding

at a modest though accelerating rate. In general, life scientists are dependent
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A GRS N T A s

R L TN

e

: D -t G ALY A e W,
e nH



ro

NTLOMNT LYY PPITE 3, R~ 9 TV v"mv’mﬂ"’ .

- m.

!’4\ "

ey
!

’

e oy

|

™M

L 9N S oW W Mm eem

-156 -

on industrial firms for the application of aerospace innovations to improved
techniques useful in non-aerospace biomedical areas now most often reaches
user scientists only after lengthy delays, if at all. Improved communications
will help this transfer, but the effects of recent improvements and those now
plannec or recommended in the preceding section will require considerable time
before significantly changing this situation. Active measures even of a temporary
rature, should be taken to promote adoption of aerospace program innovations
and exploication of new knowledge gained from this program.

B. Recommendations

This report has summarized our findings regarding the effect the space
program has had, and can have upon medicine. Reviewing the habits of life
scientists with respect to acquisition of information from other disciplines, and
pa‘terns cf innovation acceptance, we have identified the kinds of contributions
the results of space scientific and technological efforts can make. A certain
amourt of technological transfers will occur whether or not there exists a formal
NASA program designed to effect transfers, but we believe the life science com-
munity would greatly benefit if NASA continues and expands its effo:: to fgcilitate
transfer of information. In a sense, promoting the use of space-derived science
and technology is a marketing problem.

Within this conceptual framework, clearly the primary lack of the producer

and seller - NASA - to define its product line: a continuing assessment of what it
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is that it has to ''sell" to the life scientist. Trus managers of NASA and
representatives of life science community interests must together take stock
of the body of knowledge being generated under the space program.

We believe that this can best be done by identifying needs and areas ~f
need which exists in medicine - such as those outlined in Section V, and at the
same time "'search' the NASA information inventory for scientific material
(data, theory, methodology, etc.) and technology (problem-sclving techniques)
which is relevant to those needs. Initially it seems that a modest 2ffort along
the following lines would be useful, and its performance would yield an indication
of the cost/effectiveness tradeoffs in efforts of thic type,

Identification of Needs for Innovations in Life Sciences

The first step would be to identify and solicit the cooperation of individuals
having interest in space program - life science communication. Representative
of nersons who are familiar with the needs ror innovation in the life sciences are:

1. Individuals having demonstrated unusual inventiveness in research or
clinical practice (could be identified by officers of the approximately twenty major
life science professional societies).

2. Professional managers of formal communication within the life sciences

a. Editors of journals
b. Director of abstracting and information exchange service

c. Marketing executives of drug firms, medical apparatus companies
and basic materials mar.ufacturers (plastics, metals, etc.).

bio-dynamics, inc.
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New -products managers

a. Space contractors which have developed an in-house life science
capability

b. Medical equipment firms

Federal and private sponsors of advances in medical research and
practice.

Educators

a. Medical school and life science department heads

b. Professional society education committee chairman, annual con-
vention program chairman

Specialists in physicai science and engineering utilization in medicine
a. Bio-physicists and bio-mathematicians
b. Medical engineers

Participants in the transfer of space science and technology to medicine

which has occurred thus far

a. Space medicine specialists

b. Consultants tc the space medicine and technology utilization programs
of NASA, the Air Force and the Navy.

-

Having identified - though not necessarily contacted - roughly one hundred
individuals who could contribute to compilation of a representative lizl of needed
innovations, NASA-OTU might then establish a framework within which the needs

are to te described. Such a framework might be of the following type:

bio-dynamics, inc.
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Life Science Professional Specialty

Specialty a
Problem a-11{Problem a-2

Context:
Significance:
Constraints

or solutions:
Inadequacy of what
i¢ now available:
Known current and
recent efforts to
solve this probliem:

Data Acquisition
Data Transmission
Display, or Storage
Data Analysis

Means of Physical or
Chemical Intrerventions

1 laterials

Theory to Fit Observed
Phenomena

Experimental Mcthoa-
ology (Design or Pro-
cedure)

Operational Techniques
to Reduce Cost or Increase

Effectiveness

Planning Techniques
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The actual solicitation of problem statements could be by correspondence
or meeting or some combination. It will be important to inform those cooper-
ating of the need for specificity in 'statement of problems.

Problem statements might then be given an initial screening to eliminate
from further considerations those problems which are too trivial or too intract-
able. Also to be set aside are problems for which a solution is likely to be
readily provided by industrial products or services or result from present or
prograinmed research elsewhere. The remaining problems would probably
need some refinement in specification,

Ide atification of Available Relevant Space Science and Technology

The matching half of this effort to "inventory'' the knowledge that the space
program can contribute to the life sciences is to review space program activities.
There are within NASA a number of physicians, physiologists, psychologists,
bio-engineers and others who are familiar with various aspects of tl.- space pro-
gram, and are also familiar with innovation needs of life sciences, With their
assistance, and the cooperation of major program management personnel, the
next step would be to inake a first pass at identifying projects - or areas of
work - which appear to be closely related to needs of medicine and its supporting
sciences, The product of this review effort would be a catalog of projects having
elements (e. g. sensing, or display, etc.) analagous to those identified in the

innovation-need statements.
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We recognize that such an orderly approach will achieve "matching'' of
more than a fraction of needs - available technology situations which exist,
There will be many opportunities missed, and probably a number of 'false
alarms'' - matches of needs to technology which simply cannot be made because
of economics or other considerations.

Development of a Prograra to Disseminate the Items of Possible Transfer
Which Have Been Identified

Once there has been identified the "inventory' of available relevant technology,
there remains the problem of promoting the use of this information in the life
gciences. The purpose of this dissemination effort would be to inform potential
application and user groups of the availability of the knowledge, to stimulate the
interest of lif2 scientists and ir lividuals in the space programn as a source of new
ideas, and, finally, to assist in educating the life science community as to what
kinds of technology are available - to lower their resistance to innovations.

Before designing the program of activities to effect dissemination, NASA -
OTU mus. decide several significant policy questions. Among them are:

1. What proportion of the space program, funds and human resources are to
be devoted to assisting t' e transfer of technology to medicine and to allied
sciences?

2. Wha! criteria are to be used in deciding upon the emphasis to be given
to transfer of various kinds of potential transfer? For example, how
should the emphasis be divided between trying to assist flow of ideas to

public health clinicians or basic researchers?

3. What measures are to be used in monitoring the effectiveness of technology
transfer efforts?

bio-dynamics, inc.
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4, What strategy should be used in designing the technology transfer
assistance program? The following represent alternative broad

strategies which must be defined and evaluated:

a. Minimize time lag between recognicion and specification of need and
transfer of technology.

b. Maximize number of individuals who will receive some exposure *o
instances of technology transfer.

c. Concentrate upon effecting the transfer of some item - in the extreme
providing production and marketing assistance to manufacturers which

can serve as cases,

d. Condition the life ccience community to looking to space science and
technology for approaches to solution of their probiem,

We recommend that NASA solicit the view of its own technical personnel
and life science commurity leaders such as those descrikbed above in the course
of considering such alternative strategies. After the policy objectives and gen-
eral strategy of the transfer-of-technology-in-medicine program have been
decided upon there remains the task of designing the program, and establishing
the administrative mechanisms for operating and monitoring it.

Program Design Considerations

1. It appears to us to be vital that NASA coordinate with other agencies its
efforts to facilitate the transfer of technology into medicine.
a. Having primary federal responsibility for the health of the nation,
the Department of Health, Education and Welfare is charged with being aware of

present and future needs for improvement of knowledge and means of applying
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it. The Department has efforts underway to facilitate *he flow of ideas from
its own research progiam to the life science community, and there are many
areas in which NASA and PHEW may collaborate.

b. Representative of the ways in which NASA and Department of Defeuse
can collaborate in accelerating the dissemination of space science and technology
is the possibility of working through the existing Medical Education for National
Defense program of DoD, The MEND program employs medical school staff
personnel on a part time basis to make reports of military-supportec life
science research 2valable to medical students and faculty. In addition, the
program - relatively modest in scale - provides medical school libraries with

subscriptions to such journals as Aerospace Medicine, Military Medicine, etc.,

and arranges symposia.

The Defense Department has another program which is related to NASA's
interest in technology utilization - planning the diversion of military contractor
capability to non-armaments activities.

2. NASA encourages its professional nersonnel to participate in the activities
of their professional societies. In addition to msintaining this policy, the agency
might consider the following:

a. Encouraging - or requiring - that students who hold NASA life-science
fellowships become acquainted with space program activities relevant to their

professional interests.

bio-dynamics, inc.
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b. Expand efforts in joint sponsorship of biological and behavioral science

symposia.

3. Increase the motivation of individuals in NASA centers and contractor
facilities to identify opportunities for transfer,

An activity is self-motivating to an individual when its pursuit leads
him toward personal growth, and/or satisfaction from working with a ''good"’
group, and/or achieveme: t of stated goals of the organization. Because a
mission oriented center, or a profit oriented contractor cannot be expected
to place a high value on the efforts of its employees to identify opportunities
for technology transfer to medicine, personal satigfaction and social and
financial rewards for such effort may in some situations be best provided by
OTU outside the line organization.

4. The Aerospace Research Application Center concept developed at
Indiana University may be applicable to scientific and technological transfer
in the life science context, and the Center's experience in defining the space
program's activities relevant to a subscriber's interest would be particularly
valuable in planninz disJemination of innovation information to life scientists.

5. Management of information dissemination activities,

The analytic methods presented by Rogers (34) and other students of ditfusion

of innovations can be a great aid in designing and operating the efforts of NASA

to facilitate the use of its technology in medicine, Rogers conceives of the
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processes involved in adoption of rew ideas as. generation of the innovation,
and communication about it occuring within a social (or economic) system,
over a period of time, Duriag this period of time potential users of the inno-
vation may become aware of it, m=y try it and adopt or reject it. There are
in theory, optimum activities that the "transfer agent' (here, NASA-OTU)
can select at each point 1n the diffusion process. Refining the conceptual
descriptions of Rogers, and observing the advice of such students as Quinn
and Mueller ("identify and examine resistance at critical technological irans-
fer points') should produce a format for each part of NASA's plan for
facilitating transfer,

Management of the flow of information from the space program to the ife
sciences could benefit from use of PERT techniques to plan and monitor

efforts.
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APPENDIX
NASA QUESTIONNAIRE

A twenty-two item questionnaire was used to obtain information on the
exchange methods used by NASA supported researchers. Of the 58 oncsuon-
naires sent out, 36 were returned (about 62 percent of the total), although
three of ‘hese were returned blank. The recipients of these questionnaires
were engaged in research in the life sciences (medicine, biology, physiology,
etc.), and were selected from the NASA grants and contracts list (Grants

and Research Contracts, Office of Gra:nts and Research Contracts, NASA,

Washington 25, D.C., July, 1963.). Questionnaire recipieﬁts' grants or con-
tracts may be subdivided into three categories: first, those that have been
completed; second, those that are still in progress; and third, those that have
been recently awarded, Figure i shows the distribution among these cate-
gories and the duration of NASA grants and contracts of those individuals

who returned the completed questionnaires.

Questions

1. At how many domestic scientific meetings have your NASA sponsored
research results been presented?

2, At how many foreign scientific meetings have your NASA sponsored
research results been presented?

3. At how many specialized conferencec and symposia have your NASA
sponsored research results been prezented?

b e SO el b
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i
Answers to these questions are su.nmarized in Figure 2, The duration
over which the contract has been in ef’ect must be considered in interpreting
the significance of the individual responses. The results are in two forms:

first, the meetings attended are given for each respondee; second, the totals

are given for each type of meeting attended - domestic, (90), foreign (14),
special (36),

4. Are financial arrangements with NASA adequate for attendance at
sufficient foreign and domestic meetings

The responses are as follows:

domestic meetings 23 yes (adequate financial arrangemensts)
7 no
2 no funds requested
1 unanswered

foreign meetings 5 yes
20 no
2 no funds requested
6 unanswered

5. In how many books have the results of your NASA sponsored research
appeared?

25 none of NASA sponsored research appeared in books
6 NASA sponsored research appeared in books
2 NASA sponsored research is in preparation for books

6. In what commercial publications (e. g. magazines, newspapers, in
house publications, etc.) have results of your NASA sponsored research
appeared?

23 none of NASA sponsored research results appeared in comm.ercial
publications.

7 NASA sponsored research results appeared in the following com-
mercial publications:
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Time Medical Newsweek

Newsweek GE Newspaper (plant)

Aviation Week Bioastronautics

Missiles & Rockets Science Service

Local Newspapers University of Arizona Publication
AP release Medical World News

2 NASA sponsored research results in commercial publications.
but sources of publications are vague. One respondee said that h's
research results appeared in many commercial publications; another
gave 20-30 publications.

1 NASA sponsored research results are in preparation for publishing
in commercial literature.

. In what scientific journals? (have your NASA sponsored research

appeared).

7 NASA sponsored research has not appeared anywhere (no explana-
tion given).

1 NASA sponsored research has not appeared anywhere - support has
started only recently.

1 NASA sponsored research has not appeared aLyw'here - project not
completed.

2 NASA sponsored research results are in preparation for publication.

1 NASA sponsored research results are in press as of the time of ,
answering the questionnaire. ;
=

17 NA3A sponsored research results appeared in the following A

scientific journals:
Aerospace Medicine 2
American Journal of Botany
American Journal of Pathology
American Rocket Society Journal

Biochemica et Biophysica Acta
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Circulation
Crop Science

EEG Journal

Experientia

Experimental Cell Research
Experimental Neurology

Federal Proceedings
Industrial and Engineering Chemistry

Journal of the American Institute of Chemical Engineering
Journal of Cell Biology

Journal of Experimental Botany

Journal of Molecular Biology

Nature
Neurology

Perceptual and Motor Skills °

Plant & Celi Physiology

Plant Physiology

Proceedings of the National Academy of Science

Proceedings of the Oklahoma Academy of Science

Proceedings of the 16th Annual Conference on Engineering in
Medicine and Biology

Review of Scientific Instruments
Science 4

Transactions of the Finnish Academy of Science
Transactions, Society Rheolcgy

Wowd you please indicate the title, reference, and es timated nuniber
of reprint requests of your paper published in open literature under
NASA sponsorship (Include domestic and foreign scientific journals).
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18 NASA suppcrted research results nave not been published in the
open scientific literature.

1 Answered incompletely - 20 papers and 500 reprints per paper.

15 gave references of the publications, which are listed below using
the names of respondees as the principal authors {some of these
references have not been checked against the publications and
inevitably some names of co-authors have been excluded - we
apologize for this omission).

Chambers, R. W. and Bartlett, N.R., A Device for Research in Human
Information Processing Capacity, Percept. & Motor Skills, 15:343-350,
1962.

Black-Schaffer, B., Hensley, G.T., and Simon, L. R., Protection of the
Adult Mouse Against 1800 G Acceleration by Bypothermic Immersion,
Aerospace Med., 32:119-1126, 1961. 30 reprints.

Black-Schaffer, B., Protection by Deep Hypothermia anc Immersion Against
2300 G Acceleration of a Non-Hibernator (rat) and Hibernator (hamster)
Aerospace Med., 33:286-289, 1962, 50 reprints.

Cooper, O.L., A Miniaturized 15-Channel Telemetry Transmitter for Upper
Atmosphere Reszarch, Proc. Okla. Acad. S&i. 42, 1962. 5 Reprints.
------------ Rocl-et-Born Instrumentation Equipment for Ionic Conductivity
Studies in the Upper Atmosphere, Proc. Okla. Acad. Sci., 42, 1962.

5 reprints. '

Marmur, J., and Greenspan, G., Transcription in vivo of DNA f rom bacterio-
phage SP 8, Science, 142:387, 1963. 500 reprints.

Marmur, J., Falkow, and Mandel, New Approaches to Bacteriil Taxonomy,
Ann. Rev. Microbiol., 17:329, 1963. 500 reprints.

Kenshalo, D., Improved Method for the Psychophysical Study of the Temperature
Sense, Rev. Sci. Insti, 34:883-886, 1863, 7 reprints.

Kenshalo, D., and Nafe, J., Cutaneous Vascula: 3ystems as a Model Temperature
Receptor, Percept. & Motor Skills, 17:257-258, 1963. 7 reprints.
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Lederberg, J., Microenvironments for Life on Mars, Proc. Nat. Acad.
Sci., 48:1473-1475, 1863. 125 reprints.

Lyon, C.V., Auxin Transport in Leaf Epinasty, Plant Physiol. 38:567-574, 1963.
50 reprints.

Musacchia, X.J., and Neff, S.S., Absorption of D-Glucose by Segments of
Intestine from Active and Hibernating, Irradiated and Non-Irradiated
Ground Squirrels, Citellus Tridecemlineatus, Manuscript Submitted to
Trans. Finn. Acad. Sci., 1963. 50 reprints.

Musacchia, X.J., Active Absorption of D-Glucose by Intestinal Segments of
the Ground Squirrel, manuscript submitted to J. Comp. Biochem, and

Physiol,

Mussacchia, X.J., Cooper, T., and Jellinek, M., Effects of X-Irradiation
during Hibernation on Tissue Catecholamine Contents, Manruscript
Submitted to Experientia, 1964, “50 reprints.

Plasek, D.V., An Instrument for Measuring Torsional Creep and Recovery,
Trans. Soc. Rheol. 7:61-1, :963. 6 reprints.

Proctor, L.D., A Computer Identification of the EEG in a Neurophysiological-
Behavioral Problem, Proc. 5th IBM Med. Syruposium. 200 reprints.

Sorokin, C., and Krauss, R. W., Relative Efficiency of Photosynthesis in the
Course of Cell Dcvelopment, Biochem. Tiophys. Acta, 48:314-319, 1961.
450 reprints.

Sorokin, E., Effects of llumina.. ‘e Near and Below Light Saturation on the
Time Course of Photosynth=sis in Synchronized Cultures ot Algae,
J. Exp. Bot., 12:55-64, 1361. 450 reprints.

------- Time Course of Oxygen Evolution During Photosynthesis in Svnchronized
Cultures of Algae, Plant. Physiol. 36 (2):232-239, 1961. 250 reprints.

------- Time Course of Photosynthesis in Bi-carbonate Buffer in Syichronized
Cultures of Algae, Arch. Mikrobiol., 40:418-429, 1961, 200 reprints.
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------- and Krauss, R. W., Effects of Temperature and Illuminance on
Chlorella Growth Uncoupled From Cell Division, Plant Physiol., 37(1)
37-42, 1962. 300 reprints.

------- Inhibition of Cell Division by Carbon Dioxidz, Nature (London)
194(4827):496-497, 1962, 450 reprints.

-------Effects of Acidity on Cell Division, Exp. Cell Res., 27:583-584, 1962.

450 Reprints.

------- Carbon Dioxide and Bicarbonate in Cell Division, Arch. Mikrobiol.
44:218-227, 1962. 450 reprints.

------- Injury and Recovery of Photosynthesis in Cells of Successive Develop-
mental Stages: Temperature Effects, Plant and Cell Physiol. Special

Issue. Studies on Microalgae and Photosynthetic Bacteria, pp. 99-109, 1963,

300 Reprints.

------- Characteristics of the Process of Aging in Algae Cells, (Abstract),
§£i_gr£e_, April 26, 1963, 150 Reprints.

------- The Capacity for Organic Synthesis in Cells of Successive Developmental

Stages, Arch. Microbiol., 46:29-43, 1963.

------- Buffering Activity of Algae Cells and Its Effect on Cell Division,
Exp. Cell Res., in press.

------- On the Variability in the Activity of the Photosynthetic Mechanisms,
Submitted for Publication. Sympcsium on Photosynthetic Mechanisms,

------- and Krauss, R. W., The Dependence of Cell Division in Chiorella
On Temperature and Light Intensity, Accepted for Publication in
American Journal of Botany.

Lancaster, J.H., Tischer, R.G., and Long, R.J., Human Feces as a

Nitrogen Source for Some Green Algae, Dev. in Indistr. Mircobiol., Vol. 3

(New York), Plenum Press. 1961,

Cody, R.M., and Tischer, R.G. Microbial Synthesis of Animal Feeds from

Human Waste Substrates, Reprinted from Dev. In Industr. Microbiol. Vol. 3.

(New York), Plenum Press, 19862.
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Tischer, R. G., Tischer, B. P., and Cook, D. W., Human Feces as a Nutricut
for Algae in Closed Space Ecologies, Dev. In Industr. Micrcbinl., Vol. 3
(New York), Plenum Press, 1962.

----and----, Open Sequence Components of a Closed Ecology, Amer. Biol.
Teacher, 25 (6): 444-449, Oct. 1963. 60 reprints in 40 days.

Cody, R. M. and Tischer, R.G., Quantitative Measurement of Urinary Nitrogen
and Total Solids Depletion in a Closed Ecological System during Microbial
Synthesis, Devy, In Indystr, Microbjol., 4:261-267, 1963. 35 Reprints
in 40 days.

Tsuchiya, H. M., Continuous Propagation of Micro-organisms, A.I.Ch. E.J.,
9:459, 1062, 30 reprints,

------- , Mass Transfer Characteristics of a Venturi Liquid-Gas Contactors,
I.E.C. Proc. Design and Dev,, 2:178, 1363, 50 reprints,

------- , Opt. Conditions for Photosynthesis in Opt. Dense Cultures of Algae,
A.R.S.J., p. 1429, Oct. 1961. 20 reprints.

Waggoner, P.E., Optimum Lighting of Leaves, Crop Science (in press),
200 reprints, )

Ziemnowicz, S. A, R., Technics of Regioral Rheography fcr Monitoring the
Circulation in the Brain and in the Eye, Proc. 16th Ann. Conf. Engin.
Med & Biol., Nov. 1963, 34 reprints,

The following paperc were presented at various symposia. It is not clear
whether or not the proceedings of these symposia have been published.
tlelvey, W. M. The Effects of Prolonged Exposure to Pure Oy on human

Perforinance, 34th Meeting of Aerospace Medical Association, 1963,

2% reprints.

Kenshalo, D., and Nafe, J., The Operation of the Tactile and Temperature

Senses, (invited paper), Symposium of the Physiological-Psychological
Branch of the Office of Naval Research, March 1962. 7 reprints.
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Marmur, et al, CoHSpring Harbor Symposium on Quantitztive Brology, Dec., 1963,

Tischer, R.G., Tischer,B.P., Brovm, L. R., and Michelson, J,C.,
Electrolytic Treatment of Human Wastes for Use in Closed Ecologies,
Miss. State Univ. College, Miss.

Presented at AIBS meeting in Cornwallis, Ore., 1362,

Nine of the respondees gave either the number of requested reprints or
the percentage of requests from different disciplines, but not both. It was
impossible to include their respo.ses into Table 1.

The remaining 14 gave no answer to the number of reprint requests nor
to the disciplines to which the reprints were distributed.

9. Of the total number of requests for reprints received it is possible
to estimate the number which originated in specific disciplines, e. g. chemistry,
physics, biology, etc. Only 10 questionnaires could be used to pool answers
for this request. The pooling was done in the following manner: the percentage
of reprints in a given field was converted into a number of reprinte, Then,

the number of reprints was added for each discipline and the percentage of the

total obtained. Table I shows the summary of results.

TABLE I

Summary of results showing the discipline of those who requestad reprints from
9 researcii scicniists supported by NASA.

Discigl‘me Reprints Percentage
Biology . 4021 ) 84
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Discipline Reprints Percentage
Medicine 243 <

Medicine & Biology 225 <5

Chemistry 175 4

Engineering 70 r !

Physics 24 <1

Physiology 21 <l

Total

10,

11,

12.

13,

4779 100

.What 1is the £stimate of the average time lag between submission of

a paper and publication

The muswers “othic (. -.,0n are summariz<d in Figure 3,

Outside of formc: zuwvas of scientific comm:iications mentioned,
what techniques of scientific information d°sseruination do you consider
important ?

Do you consider these additional tecnniques more important or less
important than the formal techniques "isted

‘Table II gives a summary of additional techniques and their importance.

Soine respondees gave two or more additional techniques; therefore,
the frequency of responses is greater than the number of completed
questiornaires.

Do you apply other NASA or USAF research development (theories
or techniques) to your own reses:ch? (Could you give brief examples ?)

The answers to this question were as follows:

bic-dynamics, inc.




Figure 3

Time r.ag Between Suon: sion of a Manuscript and Publication
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TABLE 1II
R {‘ Summary of results given to questions 10 and 11 - frequency of responses.
. Formal methods of scientific communication:
i ~—
- I Domestic scientific meetings and committees
! Foreign scientific meetings and committees
) ‘ Specialized conferences, symposia and congresses
_g Research results appearing in books
3 Research results appearing in commercial publications
E i Research results appearing in scientific periodicals.
p l .
i Additional techniques for dissemination of scientific information:
Technique Less Depends  Equal More
E Important I@Pf rtant
3 ’ Scientific Meet-
j‘s ings 1
i Congresses 1
- Literature 4 1
!1 Committees 1
i Symposia 1 1
' Visits to labs 1 1 3 1
: Personzl meet-
ings 2 1 9 1
1" Discussion 1 2 1
: Correspondence 2 4 1
. Speakers 1
E Reprints (exchange
’ of 1i¥) 1 1
, Telenhone 1 1 1
[; Informal Symposia 1
[l 9 2% 21% 6+

*Excluding the more formal techniquec

bio-dynaznics, inc.
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Xi

10 yes - NASA or USAF research development is applied to respondee's
own research.

15 no - NASA or USAF research development is not applic2 to res-
pondee's own research.

1 limited.
1 Lovelace Foundation

6 did not answ<r this question.

. Did the essential idea or technique used in your research effort
originate specifically from space program information?

If answer *o above 1s yes, could you give specific instances of origin?
(e. g journzl, report, etc.)

Most of the answers (28) to question 14 were negative; then question
15 was not applicable.

Two respondees did not answer questions 14 and 15.

Four respondees who answered question 14 affirmatively gave the
following explanations to question 15:

. Answer to question 14 - sume ideas did so originate.
Answer to question 15 - conversation with a member of one of the
scientific committees, as well as my ow1 participation on anowuer
comimnittee.

. Answer to question 14 - 1deas from space program problems.
Answer to question 13 - hiowledge of problem not specific, i.e.,
journals and repcrts.

Answer to question 14 - originated from AEC, AF, NASA, and articles
in many magazines.

Answer to question 15 - A reccnt example -- articles by Fowles,
Curran of Stanford Research Instituie, in Journal of Applied Physics.
Also wrote directly to Fowles.

bio-dymamics, inc,
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16.

17.

xii
Is the intent of your research eiffort directed specificall:s to the space
program or do you feel the results will have geneiral cpzlication in
your academic discipline ?

In what areas do you feel the research results wculd have use ?

The answers to these two questions are summarized in the following
list:

Research efforts directed specifically to the space program.

Five grantees were doing work in the following areas:

solid state
superconductivity
space research
cellular replication
benavioral sciences.

Research efforts will have general application in investigatcrs' academic
discipline.

Four grantees felt that application would be in the following academic areas:

1.

physical sc.ences
astrophysics

metallurgy
ultraminiaturization
electron optical technology

life secicnces
biochemistry
biomedical research
microbiology

cell biology
molecular biology
biophysics

psychology-perception

bio -dynamics, inc.
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Eight respondees ielt that results obtained from NASA cponsored research
would have applications in both the space program and in their (respondees) own
academic disciplines. The following areas of application of ~esults were listed:

1. Space applications

space travel

uses of radiant energy

waste treatment

automation in processing biomedical data

life support-use of leafy plants to recycle O3 and COjp
selection.

2. Medical sciences

medical science
surgery
cardiology
infectious diseases

3. Research areas

cell physiology

cell division

basic mechanisms of cellular functions
aging

photosynthesis

propagation of micro-organisms
evaluaticu of biological age

One respondeze felt that results obtained from NASA sponsored research would
have industrial applications.

Fifteen respondees felt that results of NASA sponsored research wouid have
general application. Areas in which research results woula be applied are as
follows:

bio-dynamics, inc.
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Physical Sciences 4.

astronomy

computer science
computer simulation
caemical physics
applied mathematics

chemical engineering 5.

design and process of polymer articles
Medical Sciences

medicine

clinical! medicine 6.

clinical cardiology
clinical ENT
hematology

Biclogy, Physiology, Anatomy

biology

molecular biology
microbiology

physiolo~y

plant physiology
cardiopulmonary physiology

neuroanatomy

sensory systems

Researcn Areas

experimental medicine
medical research
biological research
genetics

Pharmacology

pharmaceuticals
neuropharmacology
food

Other

agriculture
biodynamics

space application
aeromedical and space
projects

18. With how many colleagues in your institution do you discuss your work?

. How many hovrs per week?

The answers to this ruestion are given in Table III.

bic-dynamics, inc.
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TABLE I

Summary of responses to question 18.

Respondees Number of Respondees  Numbers of
Colleagues hours per week
2 2 1 1/4
5 3 4 1
8 4 7 2
2 5 1 3
2 6 3 4 *
3 7 4 5
1 9 2 6
2 10 1 7
2 11 1 10
2 12 1 15
1 20 1 20
1 30 1 30
1 40
5 no response

19.

20.

Have these colleagues contributed sources of information with which you
were unfamiliar and which contributed to your research?

yes no

The majority of respondees (28) felt that their colleagues contributed new
information. However, one respondee felt that the contribution of his
colleagues was only slight; another felt that such contribution occurred
seldomly.

Only three respondees felt ihat their colleagues did not contribute any new
information.

How often during the pas: year have you traveled to other institutions
to discuss informally with colleagues your mutual work?

The responses to this question are grouped in the foliowing manner.

*median for those responding

bio-dynamics, inc.
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Resgondees No. of Visits
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1 3 *®

1 4
1 5
6 6
1 7
1 9
2 12
2 15
2

no response

[\
-

. How would you describe your library facility ?
(Circle appropriate description) poor - fair - adequate - good - excellent

Responses to this question are as follows:

1

excellent
good -
adequate
fair -
poor -

'
O OO w

One response listed the university library as fair, but reported that
a nearby library available to him was excellent.

22, Would you please indicate with a check which of the following journals
you regularly use as current information sources?

The summary of reading habits is in Figure 4 and Table IV. Figure 4
shows the frequency distribution of each periodical listed in question 22. Table IV
summarizes additional periodicals added by respondees to the list in question 22,

and in questions 7, 8, and 10. Table V provides a list of periodicals which are

*median of those responding.

{ bio-dynamics, inc.
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Figure 4

Reading '.ist frorn Question no. .2,

J. Muath, Analysis & Appl.

J. Arncri, Ailath, bSoc,
Astrophysical J,

J. Chem, Physics
Amer, J. Botany
FEG J.

Physical Rev.

Plant hysioll

2. Amer, ~uaem, Soc,
Ann, Rev, Psychol.
Rev. Sci. Instrum,
Amer. Rocket Soc, J,
Proceed. IRE

J. Aerospace Sci.
Aerospace Med,

Nasa Documents
Amer, J. Physiol,
ivature

ccience

Jz

L4

-

6
8
10
12
14 -

1b

18
20
22

24
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used by the respondees for publications and for reading. Table V is based

on questions 7, 8, 10, and 22.

TABLE IV

Additional reading list

ACM Comm.

ACM J.

Amer. Biol. Teacher

Amer. Insti. Chem. Engnr. J.
Amer. J. Clin. Nutrition
Amer, J. Pathology

Amer. Math. Monthly

Ann. Rev. Microbiol.

Arch. Microbiol.

Astrorautics and Aerospace Engnr.

Atomics
Aviat. Wk. & Space Techn.

Biochem.

Biochem. Bicphys. Acta
Brit. Computer J.

Bull. Atomic Scientists

Circulation
Cospar - Space Scier...

Dev. in Industr. Microbiol.
EEG Journal

Experientia

Exp. Cell Res.

Exp. Neurol.

Fed. Proceed.

Industr. Engnr. Chem.

Appl. Physics
Cell Biol.
Exp. Bot.
Nutrition.
Theor. Biol.

SE s

Math. of Computers

Neurology

Numerische Mathematic
Nutrition Abstr. & Rev.
Nutrition Rev.

Okla. Acad. Sci. Proceed,

Percept. & Motor Skills
Plant & Cell Physiol.
Proc. 5th IBM Symposium
Proc. Nat. Acad. Sci.

SIAM J. (Soc. Ind. Appl. Math.)
SIAM Rev.
Steroids

Trans. Finn., Acad. Sci.
Trans. Soc. Rheology
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:ABLE A%

A composite list of periodicals which are usec by the respondees for publications
and {or reading.

Publish Read
ACM Comm. X X
ACM Journal X X
Advances in Cryogenic Engineering X X
Aerospace Medicine pA X
American Biology Teacher X X
American Institute of Chemical
Engineers Journal X X
American Journal of Botany X X
American Journal of Cardiology X X
American Journal of Clinical Nutrition X X
American Journal of Pathology X X
American Journal of Physiology X X
American Mathematical Monthly X X
American Rocket Society Journal X X
Annual Reviews of Microbiology X X
Annual Reviews of Psychology X
Archiv. fur Mikrobiolgie X X
Astronautics & Aerospace Engineering X X
Astrophysical Journal X
Atomics X X
Aviation Week & Space Technology X X
Biochemica et Biophysica Acta X X
Biochemistry X X
Biophysical Journal X X
Blood X X
British Computer Journal X X
Bulletin of Atomic Scientists X X
Circulation X X
Cospar-Space Science X X
Crop Science X X
Developments in Industrial Microbiology x X

bio-dynamics, inc.
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EEG Journal

Experientia

Experimental Cell Research
Experimental Neurology

Federal Proceedings
Industrial and Engineering Chemistry

Journal of Aerospace Medicine

Journal of American Chemical Society

Journal of American Institute of Chemical
Engineering

Journal of American Mathematical
Society

Journal of Applied Physics

Journal of Bacteriology

Journal of Comparative Biochemistry
and Physiology

Journal of Cell Biology

Journal of Chemical Physics

Journal of Experimental Botany

Journal of Mathematical Analysis and
Application

Journal of Molecular Biology

Journal of Nutrition

Journal of Physical Chemistry

Journal of Theoretical Biology

Mathematics of Computers

Nature

Neurology

Numerische Mathematic
Nutrition Abstracts and Reviews
Nutrition Reviews

Perceptual and Motor Skills
Physical Reviews

Plant and Cel. Physiology
Plant Physiology

bio dAynamica, in-z,
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Proceedings of the Fifth IBM Symposium

Proceedings of IRE

Proceedings of the National Acadermy of
Sciernce

Proceedings of the Oklahoma Academy of
Science

Review of Scientific Instruments

Science

Society for Industrial Applied Mathematics
Journal

Society for Industrial Applied Mathematics
Review

Steroids

Transactions of the Finnish Academy of
Science
Transactions of the Society of Rheology
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